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ABSTRACT

Musculoskeletal pain alters physiological function and these changes may be evidenced
as early as middle age. Previous research has concluded that middle-aged adults are a high-risk
group for chronic pain and report functional limitations similar to older adults. However, few
studies have explored the unique individual factors (e.g., sociodemographic, health, and
psychosocial characteristics) that may drive the pain experience; and more research is needed
that examines the relationships between musculoskeletal pain and physical function, using
objective performance measures, in a sample of racially and socioeconomically diverse adults.
Data from the Healthy Aging in Neighborhoods of Diversity across the Life Span Study
(HANDLS) were analyzed across two cross-sectional studies. The first study examined the
association between subjective (self-reported) and objective measures of pain (passive range of
motion) of the hands, neck and low back. Additionally, this study explored the unique predictors
that may be associated with inconsistency between subjective and objective measurements of
pain. Results indicated weak but significant correlations between subjective and objective handpain measurements. However, there were no significant correlations identified between
subjective and objective neck-pain measurements, or subjective and objective low back pain
measurements.
Three binary logistic regression models were conducted to explore the relationship
between sociodemographic (Model 1), health (Model 2), and psychosocial characteristics (Model
3) of consistent and inconsistent pain measurements for each pain site. There were no significant
viii

relationships between sociodemographic, health, or psychosocial characteristics and consistent
and inconsistent hand pain measurements. However, individuals who reported a history of
depressive symptoms were nearly 1.8 times more likely to report inconsistent neck pain. Followup analyses to explore two-way interactions across unique predictors identified that individuals
with a history of depressive symptoms, who were below poverty status, were nearly 3 times
more likely to report inconsistent neck pain. Additionally, females, individuals with a greater
number of comorbidities, and those with a history of depressive symptoms tended to demonstrate
inconsistent low back pain. Follow-up analyses identified that those who identified a history of
depressive symptoms, and reported the quality of their neighborhood as “poor” to “fair”, were
3.3 times more likely to demonstrate inconsistent low back pain measurements.
The second study examined the relationship between pain, pain interference and a global
measure of physical function. Additionally, the study investigated whether relationships between
pain, pain interference, and global physical function were moderated by sociodemographic
characteristics (e.g., age, sex, race, and measures of socioeconomic status). In multivariable
regression analyses, musculoskeletal pain was significantly associated with physical function,
particularly among middle-aged and older individuals. Additionally, pain interference was
significantly associated with physical function, particularly among older adults.
This dissertation strives to further our understanding of the unique factors that contribute
to individualized pain experiences among under-represented populations, and to identify
functional deficits that may be evidenced earlier in the life course. Furthermore, this dissertation
is intended to motivate further research that explores appropriately timed non-pharmacological
interventions that are tailored to the needs of diverse groups, in efforts to reduce musculoskeletal
pain, pain interference, and sustain functional independence in later life.
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CHAPTER ONE:
INTRODUCTION

The older adult population is expanding rapidly due to the aging of the baby boomer
generation, as well as advancements in treatment and care, which are facilitating greater
longevity (Gitlin, 2006). However, with greater longevity, individuals are at a higher risk of
developing chronic conditions and comorbidities (i.e., co-occurring chronic conditions) that
impact health and functional independence in later life. Particularly, nearly 41 million Americans
over the age of 50 will develop chronic conditions (e.g., hypertension, musculoskeletal
conditions such as arthritis, diabetes, and cardiovascular diseases; Gitlin, 2006) resulting in
greater morbidity and mortality (Desai, Zhang, & Hennessy, 1999; Gitlin, 2006). One of the
most commonly referenced symptoms associated with chronic conditions is pain, which is
estimated to affect nearly 100 million Americans (Institute of Medicine, 2011).
Musculoskeletal pain, or pain in the muscles and joints, is typically identified through
subjective reports of the pain experience. In primary care settings, complaints of musculoskeletal
pain often elicit further clinical examination (e.g., range of motion) of the affected area, which
aid in the diagnosis of underlying pathology, and dictate treatment approaches (Hagen, HarmsRingdahl, Enger, Hedenstad, & Morten, 1997). Examining an individual’s range of motion, an
objective indicator of pain, following subjective complaints of pain would suggest that there is
an association between motion and pain. Little research has examined whether an individual’s
subjective report of pain is an accurate representation of underlying pathology. Pain complaints
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could be a reflection of psychological disturbances and not necessarily a result of
pathophysiology (McGregor, Dore, McCarthy, & Hughes, 1998). Thus, it is important to
understand the potential reasons for pain complaints, which subsequently, can improve the type
of treatment prescribed to an individual.
Of the research that has explored the relationship between subjective and objective
indicators of pain (e.g., pain experienced during passive range of motion), inconsistencies in pain
reporting have been identified (e.g., subjective pain reported, however no pain evidenced on
passive range of motion; Hagen et al., 1997; McGregor et al., 1998). Particularly, McGregor and
colleagues (1998) identified weak relationships between subjective and objective indicators of
pain, which suggest that these indicators may be moderated by unique social factors. For
example, inconsistencies in pain reporting may vary by individual pain perception, as well as
sociodemographic (e.g., age, race, and socioeconomic status), psychosocial (e.g., depression;
Casten, Parmelee, Kleban, Lawton, & Katz, 1995; Croft & Rigby, 1994; Fuentes, Hart-Johnson,
& Green, 2007; McGregor et al., 1998), and health-related factors (e.g., comorbidities and
obesity; Shiri, Karppinen, Leino-Arjas, Solovieva, & Viikari-Juntura, 2010). Thereby reports of
pain across subjective and objective indicators may not be an accurate reflection of underlying
pathology; rather they may be a product of these individual characteristics (e.g., low
socioeconomic status) and/or an individual’s psychological state. The research available has not
thoroughly investigated the relationships between subjective and objective indicators of the pain
experience. More so, studies have not fully explored these relationships across a racially and
socioeconomically diverse group of individuals. To better guide treatment approaches for
musculoskeletal pain, it is imperative to explore the sociodemographic, health, and psychosocial
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characteristics that may drive consistent and inconsistent pain measurements across individuals
(Hagen et al., 1997; McGregor et al., 1998).
Among older populations, musculoskeletal pain is associated with psychological
symptoms (e.g., depression; Casten et al., 1995) and reduced quality of life (Rustøen et al.,
2005). Additionally, physical function may be a particularly prominent correlate of pain, as
individuals who report musculoskeletal pain also describe greater impairments in physical
function (Weiner et al., 2003; Weiner, Rudy, Morrow, Slaboda, & Lieber, 2006), and report pain
that is considered disabling and interferes with normal work (pain interference; Jordan, Thomas,
Peat, Wilkie, & Croft, 2008). These relationships between pain, pain interference, and physical
function may be evidenced as early as middle age, as this cohort is considered to be at high risk
for chronic musculoskeletal pain (Rustøen et al., 2004). Moreover, middle-aged individuals have
reported functional limitations that are similar to older cohorts (Covinsky, Lindquist, Dunlop, &
Yelin, 2009). On objective performance measures, musculoskeletal pain was significantly
associated with poorer performance on measures of lower-body strength (Hall, Mockett, &
Doherty, 2006; O’Reilly, Jones, Muir, & Doherty, 1998) and balance (Byl & Sinnott, 1991), as
well as mobility-related impairment (Mottram, Peat, Thomas, Wilkie, & Croft, 2008) among
middle-aged adults. While these studies suggest that pain may be associated with physiological
changes earlier in the life-course, only a few studies have examined these relationships (Byl &
Sinnott, 1991; Covinsky et al., 2009; Mottram et al., 2008; Peat, Thomas, Wilkie, & Croft,
2006).
Furthermore, prior research that has explored the pain and physical function relationship
has not adequately attempted to examine how sociodemographic characteristics may explain
varying pain experiences, as well as moderate the relationship between pain and physical
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function. Females, minorities (e.g., Blacks), and those of lower socioeconomic status (SES) are
at greater risk of experiencing musculoskeletal pain (Johannes, Le, Zhou, Johnston, & Dworkin,
2010; Patel, Guralnik, Dansie, & Turk, 2013; Portenoy, Ugarte, Fuller, & Haas, 2004).
Furthermore, these same groups are more likely to exhibit worse performance on measures of
physical function (e.g., upper- and lower-body strength and balance; Kuh et al., 2005; Portenoy
et al., 2004), particularly if pain was present (Hicks et al., 2005; Yagci, Cavlak, Aslan, & Akdag,
2007).
Given minority subgroups, particularly Blacks, are more likely than their White
counterparts to have lower levels of SES (e.g., low education, risk for poverty, and low income),
it is difficult to determine whether health and well-being varies strictly by race, strictly by SES,
or by a combination of race and SES (LaVeist, 2005). The coupling between race and SES may
explain racially segregated, highly populated neighborhoods where residents are likely to
perceive social disadvantage and community disorder. Additionally, minority-aging scholars
have further suggested the social disadvantage often experienced by members of the Black
community may encourage perceptions and behaviors, such as effortful coping, reflective of
perseverance (Bennett et al., 2004; James, 1994). While these relationships are observed across
minority groups, no research to date has explored in sufficient detail, the dynamic and complex
relationships that exist between sociodemographic characteristics and pain as it relates to
objective physical function among younger- to middle-aged adults, particularly across a racially
and socioeconomically diverse sample.
Guided by the Motor Adaptation to Pain Theory (Figure 1; Hodges & Tucker, 2011), this
dissertation examined the relationship between subjective and objective musculoskeletal pain,
and sociodemographic, health, and psychosocial characteristics that may explain discrepancies in
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pain measurements. Additionally, this dissertation explored the relationship between
musculoskeletal pain and physical function among a socioeconomically diverse group of middleaged Black and White adults. Data from the Healthy Aging in Neighborhoods of Diversity across
the Life Span Study (HANDLS; Evans et al., 2010) was utilized for the proposed research.
HANDLS is a prospective, epidemiologically based study designed to disentangle the complex
interactions between race, SES, and health outcomes, to understand health disparities across the
life course.
The HANDLS study recruited 3,720 community dwelling Black and White adults
between the ages of 30-64, from 13 pre-determined contiguous neighborhoods to reflect a
representative sample of those residing throughout Baltimore, Maryland (Evans et al., 2010).
HANDLS is a longitudinal study to be conducted over the course of 20-years, with data
collection occurring approximately every 3-4 years. The uniqueness of the HANDLS study lies
in its thorough assessment of demographic (e.g., race, poverty status, and education), physical
health (e.g., arthritis, heart disease, obesity, and/or diabetes), and psychosocial parameters (e.g.,
depression, effortful coping, and neighborhood rating) within a large socioeconomically diverse
sample of young, middle-aged, and older adults. Using data from the HANDLS data, this
dissertation included two studies to examine specific aims.

Study 1
Study 1 sought to address the following research questions:
Research Question 1:
Is there a relationship between subjective and objective pain?
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Research Question 2:
What are the unique correlates that contribute to consistent and inconsistent pain
reporting in subjective and objective pain measurement?
To answer these questions, this study incorporated a sample of adults ranging in age from
30-64 to gain a better understanding of the relationships between subjective and objective
measures of musculoskeletal pain across age groups. Using both pain measures, this study also
aimed to identify individual characteristics (e.g., sociodemographic, health, and psychosocial
factors) that may explain differences in pain experience and pain behavior, which manifests
earlier in the life course, particularly in the hands, neck, and low back. As a result, Study 1
examined the following aims:
Aim 1:
To examine the relationship between subjective and objective musculoskeletal pain (i.e.,
pain identified upon passive range of motion), across the hands, neck, and low back.
Aim 1 Hypotheses: Subjective musculoskeletal pain of the hands, neck, and low back
would demonstrate weak or non-significant correlations with objective musculoskeletal pain in
the same bodily locations.
Aim 2:
To explore which individual characteristics (e.g., sociodemographic, health, and
psychosocial factors) are unique correlates of consistent and inconsistent subjective and
objective pain.
Aim 2 Hypotheses: Adults with consistent subjective and objective reports of pain would
be older, have higher levels of education, are above poverty status, and report a greater number
of comorbidities. In contrast, those with inconsistent subjective and objective pain symptoms
would have lower levels of education, be below poverty status, display more effortful coping
6

(e.g., higher “John Henryism”), exhibit higher levels of depressive symptoms, report a history of
depressive symptoms, and identify poorer neighborhood ratings.

Study 2
As a follow-up to Study 1, Study 2 sought to answer the following research questions:
Research Question 1:
Are musculoskeletal pain and pain interference significantly associated with physical
function?
Research Question 2:
Do sociodemographic characteristics (e.g., age, race, sex, and measures of SES) moderate
the relationships between musculoskeletal pain, pain interference, and physical function?
Study 2 explored the relationships between musculoskeletal pain, and pain interference,
and physical function (e.g., a global measure of upper- and lower-body strength, balance, and
gait abnormalities). This study incorporated two aspects of subjective pain. The first aspect
includes subjective reports of musculoskeletal pain in the hands, neck, low back, joint/s and
muscle/s; as well as whether pain experienced in the past four weeks interferes with daily work
(pain interference). Study 2 was designed to expand upon earlier research, which suggested that
the relationships between pain and poorer physical function begin earlier in the life course (Byl
& Sinnott, 1991; Covinsky et al., 2009; Hall et al., 2006; Mottram et al., 2008). Additionally,
study 2 was one of the first studies that further explored the complex interactions across
sociodemographic characteristics using a variety of SES-based measures, particularly as it
pertained to the relationship between musculoskeletal pain and physical function.

7

Exploring the complex interactions between sociodemographic variables is critical due to
the highly subjective nature of the pain experience. Individuals experience, perceive, and
describe pain differently. As a result, cultural differences of the pain experience may influence
psychometric properties of pain measures across groups (Gélinas et al., 2008; Katz & Melzack,
1999). Because of the individualized nature of the pain experience, it is important to understand
musculoskeletal pain earlier in the life course, its relationship with performance measures; and to
understand how sociodemographic characteristics (e.g., differences across race, sex, and/or
various measures of SES) may moderate this relationship. With greater awareness of the unique
factors that contribute to individualized pain experiences, it will guide appropriately timed
interventions, as well as interventions that are tailored to the needs of different groups. As a
result, Study 2 proposed the following aims:
Aim 1:
To explore the relationship between musculoskeletal pain, pain interference, and physical
function.
Aim 1 Hypotheses: Both musculoskeletal pain and pain interference would be
significantly associated with poorer physical function.
Aim 2:
Examine whether the relationship musculoskeletal pain and physical function is
moderated by sociodemographic characteristics (e.g., age, race, sex, and across measures of
SES).
Aim 2 Hypotheses: Adults who self-identify as Black, have lower levels of education,
poorer reading literacy, or fall below poverty status, would demonstrate worse physical
functioning, particularly if they experience musculoskeletal pain and pain interference.
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The proposed studies incorporated only those with valid data for all measures (e.g., pain,
health, and psychosocial variables), which is consistent with other research that has used the
HANDLS data (Beydoun et al., 2009; Thorpe, Simonsick, Zonderman, & Evans, 2016). While
using only complete data in these studies may increase potential bias within the sample, multiple
imputation may lead to similar biases due to the large percentage of missingness across pain,
health, psychosocial, and physical function variables. Furthermore, both studies included
numerous indicators of SES, in efforts to disentangle the effects of racial and socioeconomic
disparities in physical function. Inclusion of only one variable (e.g., years of education) would
not adequately distinguish between racial and socioeconomic disparities in pain and physical
function (Braveman et al., 2005). Thus, these studies incorporated two forms of education (i.e.,
self-reported years of education, as well as the Wide Range Achievement Test (3rd edition),
which is an objective indicator of reading literacy and education quality (WRAT-III; Wilkinson,
1993), as years of education may not be an adequate representation of education quality (Manly,
Jacobs, Touradji, Small, & Stern, 2002). Additionally, poverty status was also considered within
these studies.
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CHAPTER TWO:
THEORETICAL FRAMEWORK
Note to Reader
Portions of this chapter have been previously published in PAIN, 2011, 152: S93, and
have been reproduced with permission from Wolters Kluwer Health, Inc.
Historical Theoretical Models
Early theories that strive to explain the pain experience are largely one-dimensional.
These theories often focus on physiological function, or the psychological, cognitive, and social
experience (e.g., Gate Control Theory, and operant and classical conditioning). Affective and
emotional models, as well as the Cognitive-Behavioral Theory, begin to place greater emphasis
on the connection between the mind and body. However, these earlier theories fall short in fully
explaining the interactions across individualized physical, psychological, and social factors that
contribute to the experience of pain. As a result, the more recent biopsychosocial model
incorporates these theories into one conceptual model and provides a more comprehensive view
of the pain experience (Gatchel, 2004). While the common denominator across these various
theories is physiological/biological function, consideration of the interactions among
physiological, psychological, and social components of pain promotes a more extensive
understanding of the pain experience and the relationship between musculoskeletal pain and
physical function.
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The Biopsychosocial Model
The biopsychosocial model considers the relationships and interactions between the
biological, psychological, social processes that shape individual perception of the pain
experience, as well as pain behavior (Turk & Flor, 1999). Flor and Turk (2013) suggest that pain
is a multidimensional experience in which the psychological, social, and cognitive factors result
in maladaptive biological responses to pain (e.g., altering of posture and movement, or avoidance
of physical activity altogether). These physiological responses to pain produce feedback loops
(e.g., continuous and ongoing interactions that produce deleterious effects between the mind and
body), which further reinforce the pain experience. As we continue to understand
musculoskeletal pain and the relationship between pain and physical function, it is important to
consider two major biopsychosocial-based theories: The Fear-Avoidance Theory (Lethem, Slade,
Troup, & Bentley, 1983) and the Motor Adaptation to Pain (MAP) Theory (Hodges & Tucker,
2011).

Fear-Avoidance Model
The Fear-Avoidance model, developed by Lethem and colleagues (1983), strives to
explain why some individuals who experience acute pain from noxious stimuli (actual or
potential tissue damaging event), convert to chronic pain (e.g., pain that persists greater than 3-6
months or longer than what is considered normal tissue healing; Johannes et al., 2010), whereas
others do not. Derived from early research on back pain, the authors observed two extremes as it
relates to coping responses: confrontation and avoidance. When confronting pain, the individual
experiences a reduced fear of pain over time. However, those who avoid pain are cognizant of
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the pain, and behaviorally avoid activities or restrict movements that are perceived to provoke
pain of greater intensity (Lethem et al., 1983).
Moreover, avoidance of activity (e.g., physical or social engagement) is linked to poorer
physical performance and reduced psychological health (Lethem et al., 1983). The physiological
consequences of avoidance range from reduced strength to loss of mobility, which exacerbates
the pain experience and reinforces the avoidance process. From a psychological standpoint,
avoidance of physically engaging activities increases the sensitivity to pain, thereby resulting in
more pain and subsequent decline in functional abilities. For example, individuals may
experience positive and negative reinforcement (e.g., classical conditioning). Positive
reinforcement (e.g., relief from pain) and negative reinforcement (e.g., greater pain upon
movement; Fordyce, Shelton, & Dundore, 1982) lead to maladaptive responses if uncorrected,
such as greater intensity of pain, and reduced engagement in physical and social activities (Fritz,
George, & Delitto, 2001; Lethem et al., 1983). The final psychological consequence is ultimately
asynchrony between the level of pain one experiences and the actual pathology present.
The strength of the Fear-Avoidance model lies in its biopsychosocial approach to
understanding pain and physical function, and its applicability across various chronic conditions
(Bishop, Ferraro, & Borowiak, 2001; Mackichan, Adamson, & Gooberman-Hill, 2013).
However, it is unclear whether this model would explain the relationship between pain and
physical function among younger- to middle-aged samples, as well as across racially and/or
socioeconomically diverse groups. Specifically, the theory does not explain the process related to
more subtle changes in motor function (e.g., redistribution of activities between and within
muscles to complete action, redistribution of load to provide short-term relief, and individual
ability to compensate), which occur earlier in the pain experience. These subtle changes in motor
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function may be observed among individuals who display more confrontational, or active-based,
coping strategies when in pain (Hodges & Smeets, 2015).
The Motor Adaptation to Pain Theory
The MAP theory (Hodges & Tucker, 2011) adopts a biopsychosocial model through the
incorporation of the psychological, social, and cognitive impact of musculoskeletal pain on
various aspects of physical function (e.g., strength, balance, and mobility); and considers more
confrontational or active coping strategies, adopted by those in pain. Therefore, this theory may
provide a better explanation as to why pain serves as a mechanism for physiological changes
earlier in the life course. As illustrated in the model (Figure 1), Hodges and Tucker (2011) posit
that pain produces unique reactions across various levels of the nervous system (e.g., brain and
spinal cord; Hodges & Smeets, 2015). These reactions to pain result in physical modifications
associated with motor output. Subsequent physical modifications can range from subtle to major.
Subtle physical modifications, such as the redistribution of activity between muscles (e.g.,
stiffness and the recruitment of other muscles to execute a movement) or change in loading
patterns (e.g., shift the center of posture posteriorly), are adopted to provide short-term relief
from pain. Major changes (e.g., excess loading on structures unable to handle weight
distribution, or activity avoidance) as identified in the Fear-Avoidance model, may result in
long-term consequences if proper posture and movement are not restored. In this context, longterm consequences may result over time, which include: deconditioning and/or general
persistence of symptoms (Hodges & Smeets, 2015; Hodges & Tucker, 2011), and potentially
result in poor mobility and falls as compensatory abilities decrease (Ferrucci et al., 2016). In
addition to physical changes, the MAP Theory indicates that the feedback loop between pain and
physical modifications are dependent upon the interaction of unique individual characteristics

13

(e.g., sociodemographic factors such as age, sex, race, SES, physical and psychological health,
active coping, and environment; Hodges & Smeets, 2015; Hodges & Tucker, 2011).
The MAP Theory provides a useful framework for this dissertation because, besides
being empirically supported, it focuses on the notion that pain may begin earlier in the life course
and may result in subtle changes in physical function. Much of the literature that examined the
relationship between pain and physical function is conducted in aging populations as limitations
are often identified, and more easily observable in older adulthood (Melzer, Gardener, &
Guralnik, 2005). However, recent research by Rustøen and colleagues (2005) suggest that
middle-aged individuals are experiencing similar levels of pain; and self-reported limitations as
individuals who are 20-30 years older (Covinsky et al., 2009). Additionally, earlier studies that
incorporated objective performance measures amongst those younger in age have concluded that
musculoskeletal pain was significantly associated with worse strength (Hall et al., 2006; Hicks et
al., 2005; O’Reilly et al., 1998; Patel et al., 2013), poorer balance (Brumagne, Janssens,
Janssens, & Goddyn, 2008; Byl & Sinnott, 1991; Leveille, Bean, Ngo, McMullen, & Guralnik,
2007; Lihavainen et al., 2010), and impaired gait (Mottram et al., 2008; Peat et al., 2006;
Rantanen, Guralnik, Ferrucci, Leveille, & Fried, 1999). These findings offer preliminary support;
however, more research is needed amongst this group.
Furthermore, while this age group may not exhibit observably significant declines in
physical function, as seen among older populations, it is important to consider that this age group
may also have a greater ability to compensate for deficits. Specifically, young- to middle-aged
individuals may possess greater functional reserve, resulting in a wider range of compensatory
strategies, as compared to someone who is older (Ferrucci et al., 2016). These compensatory
strategies may make it difficult to identify changes in physical function and performance
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occurring within this population. As a result, current research focused on older populations may
be missing indicators of functional change (e.g., reduced strength, altered balance, and gait
abnormalities) that are occurring earlier in the life course (Ferrucci et al., 2016).
Moreover, the main premise of the MAP theory stresses that pain alters physiological
function. This theory broadly supports the idea that individuals who present with
musculoskeletal pain typically exhibit a gradual onset of pain symptoms in early- to middleadulthood, with sporadic symptoms of pain and remission from pain as one ages (Mourão, Blyth,
& Branco, 2010). Continuous physiological modifications may be related to feedback loops,
between pain and the central nervous system, which start at younger age and progress over time.
The rate of progression is an individual experience, which is largely dependent on
sociodemographic characteristics, comorbidities, psychosocial and health factors, as well as
functional reserve across each individual. This dissertation did not include longitudinal analyses
to test the changes in physiological function as indicated in the MAP theory; rather it focused on
specific pathways. As a result, a conceptual model based on the MAP theory was developed to
understand the role of pain on physical function outcomes (Figure 2).

Proposed Conceptual Model Based on the Motor Adaptation to Pain Theory
This conceptual model proposed that musculoskeletal pain, which begins earlier in the
life course produces neuromuscular changes and leads to physiological modifications. It is
possible that these physiological modifications to pain ultimately lead to pain interference, or
pain that interferes with normal work or function, and eventually progresses and translates to
poorer physical function. Specifically, if pain remains uncorrected individuals may demonstrate
reduced strength, which progresses to impaired balance, and eventually reflects in gait
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abnormalities with age, thereby increasing susceptibility to falls over time. Previous literature
has identified significant relationships supporting the connection between strength, balance,
mobility, and musculoskeletal pain in younger- to middle-aged individuals (Hall et al., 2006;
O’Reilly et al., 1998).
For example, middle-aged individuals with knee pain demonstrated less activation within
painful muscles, which reduced strength and increased muscle recruitment to execute the
movement (O’Reilly et al., 1998; Tucker & Hodges, 2010). These findings suggest that
musculoskeletal pain may contribute to subtle physical modifications that reduce strength during
execution of an action or movement. Strength is a critical component for maintaining the center
of posture (center of gravity) and preserving balance (Brumagne, Cordo, & Verschueren, 2004).
The relationships between chronic musculoskeletal pain, strength and balance are evidenced at
earlier ages and are expected to gradually decline over time, if left untreated (Hodges & Tucker,
2011). Physiological modifications may be subtle (e.g., stiffening of the muscles surrounding the
painful area) or major (e.g., redistribution of load) in response to pain, and are implemented to
elicit short-term relief. However, if these physiological modifications persist, it could eventually
reflect in the quality and fluidity of movement as one continues to age (Hodges & Smeets, 2015;
Hodges & Tucker, 2011).
The main premise of this conceptual model suggests that musculoskeletal pain, whether
pathological or psychosomatic in nature, may alter physical function with changes occurring as
early as younger- to middle-age. These alterations are greater than what is to be expected with
normal age-related decline. Over time, the individual compensates through physiological
modifications, until functional reserves are exhausted and compensation is no longer possible
(Ferrucci et al., 2016). As a result, long-term consequences as indicated by the MAP theory are
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reflective of losses in reduced physical performance, poorer mobility, and potentially lead to falls
with age. To test this conceptual model, study 1 focused on the first pathway. Particularly, the
first study explored pain prevalence in younger to older adults and examined the unique
contributions of individual characteristics that may diversify the pain experience across age
groups. Study 2 explored two aspects of subjective pain (e.g., experience with pain and pain
interference) and their relationship with a global measure of physical function that considered
upper- and lower-body strength, balance performance, and mobility related impairments.

17

Figure 1. Motor Adaptation to Pain (MAP) Theory. This model was previously published in
PAIN (Hodges & Tucker, 2011) and is illustrated here with permission of Wolters Kluwer
Health, Inc (see Appendix 1A).
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Figure 2. Adapted Conceptual Model of the Motor Adaptation to Pain (MAP) Theory
incorporating measures of physical function. This conceptual model was reproduced from
Hodges and colleagues (2013).
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CHAPTER THREE: STUDY 1: CROSS-SECTIONAL EXAMINATION OF
SUBJECTIVE AND OBJECTIVELY INDICATED MUSCULOSKELETAL PAIN AS IT
RELATES TO SOCIODEMOGRAPHIC, HEALTH, AND PSYCHOSOCIAL
CHARACTERISTICS

Introduction
Pain is defined as an unpleasant sensory and emotional experience that is often linked
with chronic conditions or perceived tissue damage (Merskey, 1986). Musculoskeletal pain, or
pain that pertains to the muscles and joints, is one of the most commonly reported symptoms
associated with disability across the lifespan (Patel et al., 2013). Pain may be non-specific,
widespread, or localized to specific regions such as the low back or neck (Viniol et al., 2013;
Weiner et al., 2003), and is considered a clinical problem when symptoms persist without any
indication of specific pathology (Bergman, 2007). Musculoskeletal pain is typically identified by
self-report of presence, location, intensity, and frequency. However, musculoskeletal pain that is
present during clinical visits typically warrants further investigation to identify whether
abnormalities in the affected joint are also present upon objective examination (e.g., pain
indicated upon passive range of motion of the affected area; McGregor et al., 1998). Past
research has concluded that relationships between subjective and objective indicators of pain
were weak (McGregor et al., 1998), which may be a result of unique sociodemographic, health,
and psychosocial factors (Teske, Daut, & Cleeland, 1983).
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However, little research to date has examined musculoskeletal pain earlier in the life
course, particularly using subjective and objective measures of pain. Specifically, research that
has examined the associations between sociodemographic, health, and psychosocial factors (e.g.,
age, race, medical conditions, and neighborhoods), on both subjective and objective
musculoskeletal pain, is limited. Development of a more comprehensive understanding of the
pain experience, earlier in the life course, will translate to more timely interventions (e.g.,
physical or cognitive-behavioral therapies), which are tailored to the unique needs across diverse
groups. Specifically, if pain is psychosomatic, or inconsistent with pathological findings, it may
be an indication of underlying psychological distress and/or exaggerated illness behavior
(McGregor et al., 1998). Psychosomatic pain may require different treatment approaches than
what is typically prescribed for pain that is considered secondary to abnormality or disease.
Causes of pain that are improperly diagnosed and untreated, or unresolved musculoskeletal pain
that interferes with normal work, may have implications on physical function and contribute to
disability. As a result, more research is needed that identifies individual characteristics that
contribute to different pain experiences.

Pain and Sociodemographic Characteristics
Chronic conditions become more prevalent with age and are associated with greater risk
of experiencing musculoskeletal pain. Hence, a great deal of literature has focused on the pain
experience among older adults (Leveille et al., 2009; Rudy, Weiner, Lieber, Slaboda, & Boston,
2007). However, recent studies suggest that middle-aged individuals are a high-risk group for
chronic musculoskeletal pain with prevalence rates mirroring those of older populations
(Mottram et al., 2008; Rustøen et al., 2005). Particularly, Covinsky and colleagues (2009)
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concluded that middle-aged adults reported experiencing functional limitations that are
commonly observed among individuals who are two or three decades older. While studies
suggest that musculoskeletal pain is prevalent across middle-aged adults, most have solely
focused on the subjective reports of pain within this population and have not considered a
commonly used method of passive manipulation of the affected area during clinical examination,
which aims to diagnose the underlying cause of the pain and may dictate treatment approaches.
Incorporating objective indicators of pain may serve as a more impartial measure that
complements self-reported pain indices, as subjective questionnaires may be biased by
psychological and psychosocial factors (Cox et al., 2000). Additionally, weak relationships
between subjective and objective reports suggest that these indices may tap into different
constructs of the pain experience. Thus, inclusion of objective measures may assist in
differentiating pain that is psychosomatic from pain that is secondary to underlying pathology.
However, more research is needed that examines the association between objective indicators
and subjective reports of pain. Of particular importance is greater awareness regarding individual
characteristics (e.g., sociodemographic, health, and psychosocial) that may contribute to
inconsistent pain reporting, thus stimulating more accurate diagnoses and appropriate treatment
approaches among a diverse younger- and middle-aged population (Cox et al., 2000; Hagen et
al., 1997; McGregor et al., 1998).
Moreover, past studies have concluded that females, Blacks (Fuentes et al., 2007; Green,
Baker, Sato, Washington, & Smith, 2003), those with higher body mass index (Weiss, 2014), and
individuals of lower socioeconomic status (Johannes et al., 2010; Patel et al., 2013; Portenoy et
al., 2004) were more likely to experience chronic musculoskeletal pain. Furthermore, Blacks
demonstrate significantly more chronic pain, particularly affective pain (e.g., depression-related
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or emotionally-based; Fuentes et al., 2007; Von Korff, Ormel, Keefe, & Dworkin, 1992), and
were more likely to reside in neighborhoods of lower socioeconomic status (Green & HartJohnson, 2012), which has been previously linked to disabling pain (Jordan et al., 2008).
Minimal research has strived to disentangle the complex interactions between sociodemographic
characteristics, particularly racial and socioeconomic disparities on the pain experience.
Therefore, further investigation is warranted due to differences between racially and
socioeconomically diverse groups, which may be attributed to preventable psychosocial factors
(e.g., obesity, poor neighborhood environment, and/or inappropriate coping mechanisms; Croft
& Rigby, 1994).
Additionally, while racial disparities have been previously associated with chronic
musculoskeletal pain, SES may explain the pain and race relationship (Green & Hart-Johnson,
2012; Portenoy et al., 2004). Particularly, racial minorities are more likely to experience lower
SES, which represents an overlap between race and SES (LaVeist, 2005). This overlap produces
confounding effects of racial and socioeconomic disparities, and inhibits the ability to understand
the relationships between sociodemographic factors that reflect the pain experience. For
example, some studies that incorporated measures of race and SES have concluded that
controlling for a variety of measures of SES reduces the magnitude of, or eliminates, racial
disparities in the pain experience (Portenoy et al., 2004; Williams, 1996), particularly if social
factors were equalized (LaVeist, Pollack, Thorpe, Fesahazion, & Gaskin, 2011). More research is
required that aims to disentangle race and measures of SES, as well as identify the unique
contributions of health and psychosocial factors within subjective and objective measures of
musculoskeletal pain.
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Health and Psychosocial Characteristics of Pain
Other factors that contribute to differences in the pain experience are associated with
health, psychosocial, and coping factors. With regard to health, comorbid conditions were
associated with pain, particularly musculoskeletal pain of greater intensity (Urquhart et al.,
2011). Furthermore, psychological factors (e.g., depression; Clay et al., 2015; López-López,
Montorio, Izal, & Velasco, 2008) and environmental characteristics (reduced access to healthcare
or deprived neighborhood conditions; Jordan et al., 2008) are associated with greater prevalence
of musculoskeletal pain across age groups. This is particularly true across neighborhoods of
lower socioeconomic status and greater deprivation, as these areas were associated with more
disabling pain exhibited by individuals with poorer coping skills (Jordan et al., 2008). For
example, Baker and Green (2005) concluded that younger and middle-aged Blacks and Whites
demonstrated greater levels of depression, greater pain intensity, and poorer coping skills than
their older counterparts. The authors suggested that age-related differences across racial groups
may be associated with a greater ability for the older adult to implement effective coping
mechanisms that are more proportional to changes in psychological and physical health. These
coping mechanisms may be more effective with age as they are based on learned strategies
developed over time, and may aid in reducing psychological distress that is often associated with
the experience of pain. Additionally, older adults may also have greater thresholds for pain, and
when coupled with lower levels of expectations pertaining to one’s physical capabilities, it may
minimize the level of distress experienced when in pain. Hence, the experience of pain may be
particularly distressing earlier in the life course. While the findings across these studies suggest
that unique sociodemographic, health, and psychosocial characteristics may explain differences
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in the pain experience, it is unclear how these characteristics might contribute to consistent and
inconsistent measurements of pain.
As a result, the purpose of this study was to: 1) Examine the relationship between
subjective and objective pain across the hands, neck, and low back; and, 2) Explore which
individual characteristics (e.g., sociodemographic, health, and psychosocial factors) are unique
correlates of consistent and inconsistent subjective and objective pain. It was hypothesized that
subjective musculoskeletal pain of the hands, neck, and low back, would demonstrate weak or
non-significant correlations with objective musculoskeletal pain in the same bodily locations.
Additionally, adults with consistent subjective and objective reports of pain would be older, have
higher levels of education, are above poverty status, and report a greater number of
comorbidities. In contrast, those with inconsistent subjective and objective pain symptoms would
have lower levels of education, be below poverty status, display more effortful coping (e.g.,
higher “John Henryism”), exhibit higher levels of depressive symptoms, report a history of
depressive symptoms, and identify poorer neighborhood ratings. Furthermore, this research
tested the first element of the conceptual model (Figure 2) as adapted from the Motor Adaptation
to Pain theory.

Methodology
Participants
Participants in this study came from the Healthy Aging in Neighborhoods of Diversity
across the Life Span Study (HANDLS; Evans et al., 2010). HANDLS is a 20-year longitudinal
study designed to examine the influences of sociodemographic factors, specifically race and SES
on health outcomes over time. Participants from study 1 included community dwelling,
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socioeconomically diverse Blacks and Whites, aged 30-64 (n = 887; see Figure 3 for participant
flow chart). Only those with valid data for all measures (e.g., sociodemographic, health,
psychosocial and musculoskeletal pain variables) were included in the current study. HANDLS
recruited participants from 13 pre-determined groups of contiguous census tracts located within
Baltimore, Maryland. Data collection occurred in two phases. First, an in-home interview was
conducted to collect subjective information (e.g., health status and psychosocial information).
Secondly, Medical Research Vehicles parked within each neighborhood, collected data from
objective measures (e.g., clinical examination and physical performance). All participants were
compensated for their time. The current study utilized cross-sectional data from HANDLS Wave
1, which was collected over approximately 4½ years (2004-2009). HANDLS was approved by
the Institutional Review Board at the National Institute of Environmental Sciences at National
Institutes of Health. All participants provided written informed consent. This study was approved
by the Institutional Review Board at the University of South Florida.

Measures of Pain as Outcome Variables.
Information regarding pain was obtained as part of the participant’s medical history, as
well as objectively during clinical examination. Participants needed to have valid data on the
subjective and objective pain measures of the hand, neck, and low back to be included in the
analyses.
Subjective pain. A physician or nurse practitioner collected a detailed medical history in
a structured interview, in which participants indicated whether they have experienced neck pain
and/or low back pain (“no” = 0, “yes” = 1) in the last 12 months from data collection. Hand pain
was derived from the following question: “Is pain or arthritis in the hands worse recently?” (“no”
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= 0, “yes” = 1). Subjective pain sites were examined individually (e.g., subjective hand pain,
subjective neck pain, and subjective low back pain). An overall pain measure (subjective pain)
was developed and dichotomized as “yes” or “no”. Therefore, if participants indicated “yes” (1)
to any of the following pain sites than they were classified as “yes” (1) for overall subjective
pain.
Objective pain. Objective pain is a component of the physical examination. The
physician or nurse practitioner manipulated the limb/joint through its full range of motion, and
looked for any evidence/indication of pain upon passive range of motion (e.g., verbalizing pain,
moaning, and/or facial expressions). The clinicians used their judgment as to whether pain was
“absent” (0) or “present” (1) during the examination. The nurse practitioners were trained by the
physician to also conduct the examination. Objective pain was examined for the following areas:
left- and right-hand, neck, and low back pain. Overall hand pain was used, which was a
composite of left- and right-hand pain. If participants indicated pain in either hand, total hand
pain was “yes” (1). Objective pain sites were examined individually (e.g., objective hand pain,
objective neck pain, and objective low back pain), and an overall pain measure was
dichotomized across the three pain measures, to which a “yes” (1) response across any of the
sites represented overall objective pain.

Independent Variables
Sociodemographic Variables. Demographic data were collected during in-home visits.
Age was grouped to distinguish “younger” (0; age 30-39), “middle-aged” (1; age 40-54), and
“older” (2; age 55+). Sex represented “males” (0) and “females” (1). Race was coded as “Black”
(1) or “White” (0). Various socioeconomic variables were incorporated in efforts to disentangle
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the complex relationships between race and SES. Poverty status was determined by poverty
guidelines published by the U.S. Department of Health and Human Services (2004), which is
consistent with the time data collection began for this wave. Poverty status was based on poverty
guidelines set forth in 2004, and was defined by HANDLS as, “below poverty status” (0), which
included those who subjectively reported income at or below 125% of the poverty level, and
“above poverty status” (1), which included those who reported income over 125% of the poverty
level (Evans et al., 2010). Education was collected as total years of education, and was based on
the highest level or grade attained. Education was included within the current study’s analyses as
a continuous variable. The Wide Range Achievement Test-III (WRAT-III; Wilkinson, 1993) is
used as an objective measure of reading literacy and education quality. Scores were determined
by a participant’s ability to recognize and correctly pronounce letters and words, in which a total
score was derived. The total WRAT-III score remained continuous with an overall range of “low
reading literacy” (0) to “high reading literacy” (57).
Health Variables. Health-related factors were obtained during medical history interview,
in which participants indicated “yes” (1) or “no” (0) to being asked if they have/had the
following health conditions: 1) fracture, 2) hypertension, 3) hyperthyroidism and 4)
hypothyroidism, 5) stroke, 6) diabetes, 7) osteoarthritis, 8) rheumatoid arthritis, and 9) gout. To
maximize the sample size, and reduce exclusion due to missing data, spearman correlations were
conducted between aforementioned health variables and overall subjective and objective pain.
The following health variables demonstrated significant relationships with either subjective or
objective pain, and were incorporated into analyses: 1) fracture (correlated with subjective pain;
r = 0.10, p = .006); 2) hypertension (correlated with subjective pain; r = 0.10, p = .005); 3)
hyperthyroidism (correlated with subjective pain; r = 0.09, p = .008); and hypothyroidism
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(correlated with subjective pain; r = 0.09, p = .008). A sum score was calculated in which this
group of health-related factors were coded as comorbidities (possible range of health conditions
= 0 - 4). Due to unequal distribution with higher levels of comorbidities, health conditions was
further collapsed as “no health conditions” (0), “one health condition” (1), and “2 or more health
conditions” (2). The categorized health condition variable was incorporated into the analyses.
Height and weight of each participant were measured by HANDLS. Body mass index (BMI) was
calculated as weight (kg) divided by height (m2). BMI remained continuous within the analyses.
The Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) was
used to measure depressive symptomology of the sample. The CES-D is a 20-item scale that
identifies depressive symptoms, mood, and affect over the past week. Participants were provided
statements, which included but were not limited to the following: “During the past week, I was
bothered by things that usually don’t bother me,” or “During the past week my sleep was
restless.” Possible responses include the following: “Rarely or none of the time (Less than 1
day)”, “Some or a Little of the Time (1-2 days)”, “Occasionally or a Moderate Amount of Time
(3-4 days)”, and “Most or All of the Time (5-7 days).” Possible scores range from 0 - 60. Higher
total scores are indicative of greater depressive symptomology. Scores on the CES-D remained
continuous and analyzed independent of health conditions as it is representative of psychological
health and has been found to be prevalent in individuals who experience pain (Patel et al., 2013).
In addition to the CES-D, an individual history of depressive symptoms was included. History of
depressive symptoms was obtained via self-reported medical history, and comprised a “yes” (1)
or “no” (0) response to the following question: “In the past 12 months have you experienced
depression?” (Evans et al., 2010).
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Psychosocial Variables. Psychosocial variables were obtained during the in-home
interviews. Neighborhood rating was provided as a component of the in-home questionnaire, and
asked participants, “How would you rate your neighborhood?” Possible responses included the
following: “excellent” (5), “very good” (4), “good” (3), “fair” (2), or “poor” (1). For this study,
this variable was categorized as “excellent”, “very good”, and “good”, (0); and “fair” and “poor”
(1). “Fair” and “Poor” responses were collapsed due to unequal distribution; which is consistent
with research that has previously explored similar neighborhood ratings (Schootman et al.,
2006). Previous findings concluded that poorer neighborhood ratings, particularly as it pertains
to neighborhood SES, are associated with chronic pain across older Blacks and Whites (Fuentes
et al., 2007). This indicator represented perceived neighborhood quality.
Effortful coping was measured by the “John Henryism” Scale for Active Coping (James,
1994). This 12-item scale included statements such as: “I’ve always felt that I could make of my
life pretty much what I wanted to make of it, ”and “When things don’t go the way I want them
to, that just makes me work even harder.” Responses to each question ranged from “completely
true” (1) to “completely false” (5). All items are reverse coded, and summed to arrive at a total
score, which ranges from “low John Henryism” (12) to “high John Henryism” (60). Individuals
that are “high” in “John Henryism” demonstrate more active or high-effort, coping responses,
which are implemented to manage psychological stress associated with psychosocial factors
(e.g., discrimination based on SES and/or race; Bennett et al., 2004; James, 1994). Because of
the racially and socioeconomically diverse nature of the sample, “John Henryism” may reflect
differential coping strategies between racial and socioeconomic groups. As a result, individuals
high in “John Henryism” may be less likely to indicate pain due to effortful coping and cultural
adaptation to current situations and are likely to display more confrontational approaches to pain.
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Statistical Analyses
Only participants with valid data across all measures were included within the analyses (n
= 887). Chi square tests of independence and independent samples t-tests were used to identify
the differences between those excluded and included from analyses. Descriptive statistics of
participants’ sociodemographic, health, psychosocial characteristics, as well as subjective and
objective pain reports within the final sample are reported.
Aim 1 Analyses. Spearman correlations were used to examine the relationship between
subjective and objective musculoskeletal pain across the hands, neck, and low back. Particularly,
these analyses examined the relationship between subjective and objective hand pain, the
relationship between subjective and objective neck pain, and the relationship between subjective
and objective low back pain.
Aim 2 Analyses. To explore which individual characteristics (e.g., sociodemographic,
health, and psychosocial factors) are unique correlates of consistent and inconsistent subjective
and objective pain, participants were grouped as reporting consistent or inconsistent pain
measurements for each pain site (i.e., hands, neck, and low back). For example, participants who
responded “no” to subjective or objective pain across each site or those who responded “yes” to
both subjective and objective pain across each site were categorized as consistent pain
measurements (0). Those who indicated “yes” to subjective pain, and “no” to objective pain; or
individuals who indicated “yes” to objective pain, and “no” to subjective pain for each pain site
were categorized as inconsistent pain measurements (1). Descriptive information for consistent
and inconsistent pain measurements are provided for each pain site. Chi-square tests of
independence and independent samples t-tests were used to identify differences between
consistent and inconsistent pain groups for each pain site.
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To examine the relationship between sociodemographic, health, and psychosocial
characteristics and consistent and inconsistent pain measurements for each pain site, four binary
logistic regression models were conducted. In the first model, all sociodemographic variables
were entered (i.e., age, sex, race, years of education, WRAT-III scores, and poverty status). The
second model incorporated sociodemographic and health-related variables (i.e., comorbidities,
CES-D, a history of depressive symptoms, and BMI). The third model integrated perceived
neighborhood rating (neighborhood quality) as a psychosocial characteristic. Although
conventional approach to examining two-way interactions is to consider independent variables
and moderators that are both related to the outcome (Aiken & West, 1991), in this exploratory
study, any significant predictors identified in model 3 were explored further through two-way
interactions between sociodemographic, health, and psychosocial characteristics (Model 4).
Furthermore, a subsample of 595 participants had valid data on the “John Henryism” variable.
Therefore, analyses using this variable were restricted to this subsample and incorporated similar
analytic procedures across the three models.
Binary logistic regression results were reported using odds ratios and confidence
intervals. Statistical significance was set at two-tailed, p < .05. All statistical analyses were
conducted using SAS statistical software package 9.2 (SAS Institute, Cary, NC).

Power Analyses
Power analyses were estimated a priori for appropriate effect size in binary logistic
regression analyses using the G*Power 3.1.1 statistical software package (Faul, Erdfelder, Lang,
& Buchner, 2007). For binary logistic regressions, considering a two-tailed test at 80% power,
with a medium effect size (0.2; Cohen, 1992), p-value set at <.05, the recommended sample size
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is 721. The current study incorporated an overall sample size of 887 participants, which satisfied
the amount of participants to detect significant findings for the primary analyses.

Results of Study 1
As identified in Figure 3, out of the 3,202 participants in the HANDLS study, 887
reported valid subjective and objective pain, sociodemographic, health, and psychosocial data.
Due to missing data, “John Henryism” was conducted on a subsample of participants (n = 595),
and was analyzed separately in follow-up analyses to maximize sample size throughout this
study. Participants with complete data were compared to those with missing data (n = 2,315) to
identify any differences between the two groups in sociodemographic, health, and psychosocial
characteristics.
Chi square tests of independence for categorical variables and independent samples ttests for continuous variables were conducted to examine differences in sociodemographic
characteristics (i.e., age, sex, race, years of education, WRAT-III, and poverty status) between
individuals who were included in analyses and those who were excluded from analyses.
Individuals who were missing data were significantly different in age, t(1697.1) = -2.36, p = .019
after Satterthwaite correction due to unequal variances. This finding suggested that participants
who were excluded from analyses were significantly younger (M = 47.4, SD = 9.5) than
participants who were included (M = 48.2, SD = 8.9). Moreover, the participants who were
excluded differed by race, χ2 (1) = 40.57, p < .001, sex, χ2 (1) = 3.94, p = .047, and poverty
status χ2 (1) = 14.06, p < .001. These findings indicated that excluded participants were more
likely to be Black (60.0%, n = 1,390), male (46.2%, n = 1,069), and were below poverty status
(43.7%, n = 1,012). Excluded participants did not differ in years of education t(3104) = -1.02, p
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= 0.309, but differed significantly in quality of education as measured by scores on the WRATIII, t(2353) = -2.56, p = 0.012. These findings indicated that individuals who were excluded from
this study performed significantly more poorly on the WRAT-III (M = 41.5, SD = 8.2) than
participants who were included in the analyses (M = 42.4, SD = 7.9).
Chi square tests of independence and independent samples t-tests were conducted to
examine differences in health characteristics (i.e., health conditions, CES-D, history of
depressive symptoms, and BMI) between individuals who were included in analyses and those
who were excluded from analyses. There was no significant difference between those excluded
and included from analyses on CES-D scores, t(2386) = -1.02, p = 0.307; and excluded
participants did not significantly differ from included participants on history of depressive
symptoms, χ2 (1) = 0.27, p = .601. Participants who were excluded from the sample did not
reach the cut-off for depressive symptoms on the CES-D (M = 15.3, SD = 11.5), and
approximately 29% of those who were excluded experienced a history of depressive symptoms
(n = 399). There were no significant differences between participants who were excluded and
included on BMI, t(2473) = 0.86, p = .401. Participants who were excluded demonstrated BMI
consistent with obesity (M = 30.33, SD = 8.27), as defined by the World Health Organization
(≥30 – 39.99; 2000).
Lastly, chi square tests of independence and independent samples t-tests examined
differences between individuals in psychosocial characteristics (i.e., perceived neighborhood
quality and “John Henryism”) between individuals who were excluded from vs. included in the
analyses. There were no significant differences observed between excluded and included
participants in perceived neighborhood quality, χ2 (1) = 0.87, p = .352, or “John Henryism”,
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t(2327) = -1.02, p = .310. These findings indicate that those excluded and included did not
significantly differ from each other in psychosocial characteristics.

Participant Characteristics of the Final Sample
Sociodemographic, Health, and Psychosocial Characteristics of the Final Sample.
The final overall sample included in the analyses comprised 887 adults aged 30-64 with valid
subjective and objective pain, sociodemographic, health, and psychosocial data. Participants in
the final sample were predominately White (52.4%, n = 465), female, reported an average of
high school education, achieved an approximate WRAT-III score of 42, and were above poverty
status (63.6%, n = 564; see Table 1 for sociodemographic, health, and psychosocial
characteristics of the final sample). Over half of the sample reported at least one medical
condition, which included the following: hypertension (39.4%, n = 349), history of a fracture
(25.0%, n = 222), hypothyroidism (5.0%, n = 44), and hyperthyroidism (2.8%, n = 25). On
average, participants did not reach the clinical cut-off scores for depressive symptoms on the
CES-D (≥ 16; Long Foley, Reed, Mutran, & DeVellis, 2002; Smarr & Keefer, 2011).
Specifically, 43% (n = 381) of the final sample indicated CES-D scores ≥16. Approximately
72% of the final sample reported no history of depressive symptoms. The overall BMI of the
sample reached the cut-off for obesity (BMI of ≥ 30; World Health Organization, 2000). For
psychosocial characteristics, a majority of the participants rated their neighborhood as “good” to
“excellent” (52.4%, n = 465), and overall “John Henryism” scores of 42.2 were below the
average scores of 50-54 points that were identified as “high John Henryism” within other studies
(Bennett et al., 2004).
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Subjective and Objective Pain Characteristics of the Final Sample. Approximately
55% of the sample identified at least one area of subjective or objective pain (n = 491). Pearson
and spearman correlations indicated that individuals who demonstrated musculoskeletal pain
were more likely to be female (r = 0.10, p = .003), identified a higher number of comorbidities (r
= 0.11, p = .001), and indicated a history of depressive symptoms (r = 0.16, p <. 001). Fifty-two
percent of the total sample (n = 464) experienced subjective pain in at least one location with a
majority of subjective pain complaints identified in the lower back (38.6%; n = 342), followed
by subjective neck pain (15.5%; n = 137) and subjective hand pain (14.4% n = 128). In contrast,
7.7% (n = 68) of the overall sample experienced objective pain upon passive range of motion in
at least one area. Objective pain of the low back was the most prevalent pain location amongst
the final sample (5.9%, n = 52), followed by objective pain in the neck (3.0%, n = 27) and
objective hand pain (0.8%, n = 5; See Tables 2-4 for frequencies of subjective and objective pain
measurements across the hands, neck, and low back, as well as consistent and inconsistent
measurement of pain across self-reports vs objective assessment).
Relationships between all Characteristics on Subjective and Objective Hand Pain.
Pearson and spearman correlations were conducted to examine the relationships between
sociodemographic, health, and psychosocial characteristics on subjective and objective pain
across each pain site. Results indicated that there were no significant associations between
subjective hand pain and sociodemographic (age group, p = .999; sex, p = .323; race, p = .131;
years of education, p = .301; WRAT-III scores, p = .678; and poverty status, p = .131), health
(comorbidities, p = .960; CES-D scores, p = .508; history of depressive symptoms, p = .797;
and BMI, p = .678), or psychosocial characteristics (perceived neighborhood quality, p = .718;
or “John Henryism”, n = 595, p = .809).
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Similarly, there were no significant associations between objective hand pain and
sociodemographic (age group, p = .747; sex, p = .313; race, p = .734; years of education, p =
.462; WRAT-III scores, p = .101; and poverty status, p = .868), health (comorbidities, p = .708;
CES-D scores, p = .969; subjective history of depressive symptoms, p = .163; and BMI, p =
.250), or psychosocial characteristics (perceived neighborhood quality, p = .734, and “John
Henryism”, n = 595, p = .327).
Relationships between all Characteristics on Subjective and Objective Neck Pain. A
significant positive association was observed between subjective neck pain and history of
depressive symptoms (p <.001), which suggests that individuals who reported subjective neck
pain also tended to report a history of depressive symptoms (Table 5). There were no significant
associations observed between subjective neck pain and the following characteristics: age group
(p = .272), sex (p = .094), race (p = .182), years of education (p = .795), WRAT-III scores (p =
.805), poverty status (p = .549), comorbidities (p = .083), CES-D scores (p = .737), BMI (p =
.731), perceived neighborhood quality (p = .279), or “John Henryism” scores (n = 595, p = .659).
Furthermore, a significant positive association was identified between objective neck
pain and race (p = .044), which indicates that individuals who experienced objective neck pain
tended to be Black. There were no significant associations observed between objective neck pain
and the following characteristics: age group (p = .224), sex (p = .177), years of education (p =
.311), WRAT-III scores (p = .133), poverty status (p = .736), comorbidities (p = .347), CES-D
scores (p = .430), history of depressive symptoms (p = .268), BMI (p = .410), perceived
neighborhood quality (p = .652), or “John Henryism” scores (n = 595, p = .329).
Relationships between all Characteristics on Subjective and Objective Low Back Pain.
There were significant positive associations identified between subjective low back pain and sex
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(p = .006), comorbidities (p < .001), and history of depressive symptoms (p < .001; Table 5).
These findings suggest that females, individuals with higher numbers of comorbidities, and those
with a history of depressive symptoms tended to report subjective low back pain. There were no
significant relationships observed between subjective low back pain and the following
characteristics: age group (p = .065), race (p = .139), years of education (p = .375), WRAT-III
scores (p = .986), poverty status (p = .175), CES-D scores (p = .903), BMI (p = .308), perceived
neighborhood quality (p = .752), or “John Henryism” scores (n = 595, p = .162).
Furthermore, a significant relationship was identified between objective low back pain
and comorbidities (p = .026), which indicates that individuals who experienced objective low
back pain also reported a higher number of comorbidities. There were no significant associations
observed between objective low back pain and the following characteristics: age group (p =
.160), sex (p = .389), race (p = .619), years of education (p = .743), WRAT-III scores (p = .756),
poverty status (p = .384), CES-D scores (p = .940), a history of depressive symptoms (p = .156),
BMI (p = .915), perceived neighborhood quality (p = .054), or “John Henryism” (n = 595, p =
.322).

Study 1 - Aim 1 Results
Spearman correlations were conducted to explore the relationships between subjective
and objective pain for each pain site. A weak but significant relationship was observed between
subjective and objective hand pain (p < .001; see Table 5 for correlation coefficients), which
suggests that individuals who reported subjective hand pain also tended to experience objective
hand pain. However, there were no significant relationships identified between subjective and
objective neck pain (p = .926) as well as subjective and objective low back pain (p = .548).
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Study 1 - Aim 2 Results
The unique sociodemographic, health, and psychosocial characteristics of those who
indicated consistent and inconsistent pain measurement were identified for the hands, neck, and
low back (Table 1).
Characteristics of those with Consistent/Inconsistent Measurements of Hand Pain
Consistent Measurements of Hand Pain. Participants with subjective and objective
hand pain (n = 762) were predominately middle-aged (M = 48.2, SD = 8.9), White (51.3%, n =
391), female, with an average of high school education, achieved an approximate WRAT-III
score of 42, and were considered above poverty status (62.5%, n = 476). A majority of the
participants in this pain group reported one or more medical conditions, which included the
following: hypertension (39.0%, n = 297), fracture (25.5%, n = 194), hypothyroidism (4.6%, n =
35), and hyperthyroidism (2.8%, n = 21). The average score on the CES-D neared the cut-off for
depressive symptoms (≥16), and approximately 72% indicated no history of depressive
symptoms (n = 551). The average BMI was approximately 30, which is consistent with ranges
suggestive of obesity. Furthermore, 52.2% of the participants in the consistent pain group rated
the quality of their neighborhood from “good” to “excellent” (52.1%, n = 397).
Inconsistent Measurements of Hand Pain. Nearly 14% of the sample demonstrated
inconsistent hand pain reports. Participants who demonstrated inconsistent hand pain
measurements (n = 125) were predominately middle-aged (M = 48.9, SD = 9.0), White (59.2%, n
= 74), female, possessed an average of high school education, achieved an approximate WRATIII score of 43, and were above poverty status (70.4%, n = 88). Participants indicated one or
more medical conditions, which included the following: hypertension (41.6%, n = 52), fracture
(22.4%, n = 28), hypothyroidism (7.2%, n = 9), and hyperthyroidism (3.2%, n = 4). On average,

39

participants who reported inconsistent pain did not reach clinical cutoff scores for depressive
symptoms (< 16), and approximately 70% of the sample indicated no depressive symptoms. The
average BMI measurement for those with inconsistent hand pain were considered obese (≥30).
Additionally, the majority of these participants rated the quality of their neighborhoods as
“good” to “excellent” (54.4%, n = 68).
Differences between Consistent/Inconsistent Measurements of Hand Pain. Chi
square tests of independence examined differences between those with consistent and
inconsistent measurement of hand pain across categorical sociodemographic, health, and
psychosocial variables. There were no significant differences between consistent and
inconsistent measurement of hand pain for age group, χ2 (2) = 0.22, p = .898; sex, χ2 (1) = 2.68,
p = .102, race, χ2 (1) = 0.90, p = .344; poverty status, χ2 (1) = 2.92, p = .088; medical conditions,
χ2 (2) = 2.36, p = .307; history of depressive symptoms, χ2 (1) = 0.19, p = .659; or
neighborhood quality, χ2 (1) = 0.23, p = .633.
Additionally, independent sample t-tests were performed to investigate differences
between consistent and inconsistent hand pain across non-categorical sociodemographic, health,
and psychosocial variables. There were no significant differences between consistent and
inconsistent hand pain measurements in years of education, t(885) = -1.19, p = .232; WRAT-III
scores, t(885) = -0.52, p = .603; CES-D scores, t(885) = 0.86, p = .393; BMI, t(885) = -0.58, p =
.565; or “John Henryism” scores, t(593) = -0.42, p = .931.
Characteristics of those with Consistent/Inconsistent Measurements of Neck Pain
Consistent Measurements of Neck Pain. Participants with consistent measurements of
neck pain were middle-aged (M = 48.0, SD = 9.0), White (51.6%, n = 377), female, possessed on
average a high school education, achieved an approximate score of 42.5 on the WRAT-III, and
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were above poverty status (64.0%, n = 468). This group predominately indicated one or more
medical conditions, which included a history of the following: hypertension (37.9%, n = 277),
fracture (25.3%, n = 185), hypothyroidism (4.8%, n = 35), and hyperthyroidism (2.7%, n = 20).
The average CES-D score across this sample neared the cut-off for depressive symptoms (≥16),
but approximately 74% indicated no history of depressive symptoms in the 12 months prior to
data collection. Individuals that demonstrated consistent neck pain reports averaged a BMI of 30,
which suggests that individuals in this group were within the range consistent with obesity.
Inconsistent Measurements of Neck Pain. Approximately 18% of the sample
demonstrated inconsistent neck pain measurements. Participants who demonstrated inconsistent
neck pain measurements were predominately middle-aged (M = 49.2, SD = 8.3), White (56.4%,
n = 88), female, reported an average of high school education, averaged an approximate score of
42 on the WRAT-III, and were predominately above poverty status (61.5%, n = 96). These
participants identified one or more medical conditions, which included the following:
hypertension (46.1%, n = 72), fracture (23.7%, n = 37), hypothyroidism (5.8%, n = 9), and
hyperthyroidism (3.2%, n = 5). Average scores on the CES-D neared the cut-off scores for
depressive symptoms (≥16), but approximately 61% of the sample reported no history of
depressive symptoms in the 12 months prior to data collection. Participants in this group had an
average BMI that was classified as overweight (≥25 – 29.99; World Health Organization, 2000).
Differences between those with Consistent/Inconsistent Measurements of Neck Pain.
Chi square tests of independence examined differences between consistent and inconsistent
measurements of neck pain across categorical sociodemographic, health, and psychosocial
variables. A significant relationship was identified between consistent and inconsistent neck pain
on history of depressive symptoms, χ2 (1) = 11.67, p <.001. These findings indicate that
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individuals who demonstrated inconsistent neck pain measurements were more likely to indicate
a history of depressive symptoms (39.1%) than individuals who demonstrated consistent neck
pain measurements (25.6%). There were no significant associations between participants with
consistent and inconsistent neck pain measurements on age group, χ2 (2) = 3.77, p = .152; sex,
χ2 (1) = 2.55, p = .110; race, χ2 (1) = 1.21, p = .272; poverty status, χ2 (1) = 0.34, p = .558;
comorbidities, χ2 (2) = 2.35, p = .308; or perceived neighborhood quality, χ2 (1) = 0.71, p =
.399.
Independent samples t-tests were conducted to examine the differences between
consistent and inconsistent neck pain measurements across non-categorical sociodemographic,
health, and psychosocial measures. Results indicated that there were no significant differences
between those with consistent and inconsistent neck pain measurements on years of education,
t(885) = 1.04, p = .300; WRAT-III scores, t(885) = 1.01, p = .313; CES-D scores, t(885) = 0.22,
p = .830; BMI, t(885) = 0.63, p = .531; or “John Henryism” scores, t(593) = 0.39, p = .697.
Characteristics of those with Consistent/Inconsistent Measurements of Low Back
Pain
Consistent Measurements of Low Back Pain. Participants who demonstrated consistent
low back pain measurements were middle-aged (M = 48.0, SD = 8.8), Black, female, reported on
average a high school education, indicated an approximate score of 42 on the WRAT-III, and
were predominately above poverty status (65.0%, n = 344). Participants in this group reported
one or more medical conditions, which included the following: hypertension (35.5%, n = 188),
fracture (23.3%, n = 123), hypothyroidism (4.0%, n = 21), and hyperthyroidism (1.9%, n = 10).
The average BMI was suggestive of obesity (≥30). Furthermore, this group demonstrated an
average CES-D score that was trending toward the clinical cut-off for depressive symptoms
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(≥16). However, 79% of the consistent pain group reported no history of depressive symptoms
over the 12 months (n = 417). Nearly 52% rated the quality of the neighborhood as “good” to
“excellent” (n = 274).
Inconsistent Measurements of Low Back Pain. Approximately 40% of the sample
reported inconsistent low back pain measurements. Participants who demonstrated inconsistent
low back pain measurements were middle-aged (M = 48.5, SD = 9.0), White (56.2%, n = 201),
female, had an average of high school education, indicated average WRAT-III scores of
approximately 42, and were above poverty status (61.5%, n = 220). This group reported one or
more medical conditions, which included the following: hypertension (45.0%, n = 220), fracture
(27.7%, n = 99), hypothyroidism (6.4%, n = 23), and hyperthyroidism (4.2%, n = 15). The
average BMI for individuals with inconsistent low back pain measurements was in the obese
range (≥30). The average scores for the CES-D were trending toward clinical levels of
depressive symptoms; however, were shy of the clinical cut-off (≥16). Approximately 62% of
those with inconsistent low back pain measurements indicated no history of depressive
symptoms. This group primarily rated the quality of their neighborhood as “good” to “excellent”
(53.4%, n = 191).
Differences between those with Consistent/Inconsistent Measurements of Low Back
Pain. Chi square tests of independence examined differences between those who demonstrated
consistent and inconsistent low back pain measurements across categorical sociodemographic,
health, and psychosocial characteristics. Findings indicated significant relationships between sex,
χ2 (1) = 8.75, p = .003; comorbidities, χ2 (2) = 14.86, p <.001; and history of depressive
symptoms, χ2 (1) = 29.98, p <.001. These findings suggested that individuals who reported
inconsistent low back pain measurements were predominately female, reported one or more
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medical conditions, and experienced a history of depressive symptoms in the past 12 months.
There were no significant differences between those with consistent and inconsistent low back
pain measurements on the following characteristics: age group, χ2 (2) = 1.99, p = .370; race, χ2
(1) = 3.33, p = .068; poverty status, χ2 (2) = 3.77, p = .152; or perceived neighborhood quality,
χ2 (2) = 3.77, p = .152.
Independent samples t-tests were conducted to investigate the differences between those
with consistent and inconsistent low back pain measurements across non-categorical
sociodemographic, health, and psychosocial characteristics. There were no significant
differences identified between those with consistent and inconsistent low back pain
measurements in years of education, t(885) = 0.58, p = .562; WRAT-III scores, t(885) = 0.06, p
= .955; , t(885) = -0.22, p = .825; BMI, t(885) = -1.11, p = .267; or “John Henryism”, t(593) =
1.57, p = .118.
Sociodemographic, Health, and Psychosocial Characteristics in Relation to
Consistent vs. Inconsistent Measurements of Pain
Pearson and spearman correlations were conducted to explore the associations between
those with consistent and inconsistent pain and sociodemographic, health, and psychosocial
characteristics across each pain site. Additionally, binary logistic regressions were conducted to
explore the relationships between sociodemographic, health, and psychosocial characteristics
across each pain site. In efforts to understand the complex relationships between independent
variables and consistent and inconsistent pain groups, two-way interactions between the
significant independent variable and sociodemographic, health, and psychosocial variables were
explored for any significant predictors identified in the final model.
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Consistent and Inconsistent Hand Pain. There were no significant associations
between consistent and inconsistent hand pain measurements and sociodemographic (age group,
p = .923; sex, p = .344; race, p = .102; years of education, p = .232; WRAT-III scores, p = .603;
poverty status, p = .088), health (comorbidities, p = .625; CES-D scores, p = .393; history of
depressive symptoms, p = .660; BMI, p = .565), or psychosocial characteristics (perceived
neighborhood quality, p = .399, and “John Henryism”, n = 595, p = .673; see Table 6 for
correlation coefficients across all pain sites).
Results from the binary logistic regression indicated no significant relationships between
consistent and inconsistent hand pain measurements and sociodemographic, health, and
psychosocial characteristics across all three models (ps > .05; see Tables 7-9 for odds ratios and
confidence intervals across models 1-3 for each pain site).
Additionally, among the subsample of individuals who completed the “John Henryism”
scale (n = 595), there was no significant relationship observed between the consistent and
inconsistent hand pain measurements and “John Henryism” scores (Model 3).
Consistent and Inconsistent Neck Pain. Pearson and spearman correlations were
conducted to examine the relationship between consistent and inconsistent neck pain
measurements and sociodemographic, health, and psychosocial characteristics. Results indicated
a significant relationship between consistent and inconsistent neck pain and history of depressive
symptoms (p < .001). These findings suggest that individuals who reported a history of
depressive symptoms tended to demonstrate inconsistent neck pain measurements. However,
there were no other significant associations identified between consistent and inconsistent neck
pain groups and the following characteristics: age group (p = .237), sex (p = .110), race (p =
.273), years of education (p = .300), WRAT-III scores (p = .313), poverty status (p = .559),

45

comorbidities (p = .625), CES-D scores (p = .830), BMI (p = .531), perceived neighborhood
quality (p = .399), and “John Henryism” (n = 595, p = .697).
Three binary logistic regressions were conducted to examine the relationships between
sociodemographic, health, and psychosocial characteristics and neck pain groups. A significant
relationship was observed between consistent and inconsistent neck pain measurements and
history of depressive symptoms (model 2), which remained significant after accounting for
psychosocial characteristics (β = 0.14, p = .003; Model 3). Results from model 3 indicated that
individuals who have experienced a history of depressive symptoms over the past 12 months
were nearly 1.8 times more likely to demonstrate inconsistent neck pain (95% CI = 1.22, 2.56).
There were no other significant relationships identified between consistent and
inconsistent neck pain measurements and the following characteristics: age group, sex, race,
education, WRAT-III scores, comorbidities, CES-D scores, BMI, or perceived neighborhood
quality (ps >.05).
To further explore this significant finding between history of depressive symptoms and
consistent and inconsistent pain measurements, a fully adjusted binary logistic regression was
conducted to examine two-way interactions between history of depressive symptoms and all
sociodemographic, health, and psychosocial characteristics on consistent and inconsistent neck
pain measurements. A significant two-way interaction was observed between history of
depressive symptoms and poverty status for consistent and inconsistent neck pain measurements
(β = -0.10, p = .049; model 4), after accounting for all sociodemographic, health, and
psychosocial variables. Follow-up binary logistic regressions were conducted to explore the
direction of this relationship. Results indicated that individuals who reported a history of
depressive symptoms and were below poverty status were nearly 3 times more likely to
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demonstrate inconsistent neck pain measurements (β = -0.28, p < .001, OR 3.0, CI = 1.66, 5.43;
see Figure 4).
Additionally, in the subsample analyses, there were no significant associations between
consistent and inconsistent neck pain groups and “John Henryism” scores (β = -0.04, p = .561;
Model 3). Due to non-significant relationships between “John Henryism” and consistent and
inconsistent pain measurements, two-way interactions were not explored.
Consistent and Inconsistent Low Back Pain. Pearson and spearman correlations were
conducted to examine the relationships between consistent and inconsistent low back pain
measurements and sociodemographic, health, and psychosocial characteristics. Significant
positive relationships were identified between consistent and inconsistent low back pain and sex
(p = .003), comorbidities (p < .001), and history of depressive symptoms (p < .001). These
findings indicated that individuals who demonstrated inconsistent low back pain measurements
tended to be female, with greater number of comorbidities, and reported a history of depressive
symptoms in the 12 months prior to data collection. There were no significant correlations
identified between consistent and inconsistent low back pain for the following characteristics:
age group (p = .205), race (p = .068), years of education (p = .561), WRAT-III (p = .955),
poverty status (p = .278), CES-D scores (p = .825), BMI (p = .269), perceived neighborhood
quality (p = .649), and “John Henryism” (n = 595, p = .118).
Binary logistic regressions were conducted across the three models to explore the
relationships between consistent and inconsistent low back pain and sociodemographic, health,
and psychosocial characteristics. After accounting for sociodemographic (model 1), health
(model 2), and psychosocial variables (model 3), significant relationships were identified
between consistent and inconsistent low back pain and sex (β = 0.10, p = .008; model 3),
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comorbidities (β = 0.13, p = .002; model 3), and history of depressive symptoms (β = 0.18, p <
.001; model 3). Females were 1.5 times more likely to demonstrate inconsistent measurements of
low back pain (95% CI = 1.10, 1.95; model 3). Individuals who reported a greater number of
comorbidities were 1.4 times more likely to demonstrate inconsistent measurements of low back
pain (95% CI = 1.13, 1.72; model 3). Additionally, individuals who experienced a history of
depressive symptoms in the 12 months prior to data collection were approximately two times
more likely to demonstrate inconsistent low back pain reports (95% CI = 1.50, 2.77; model 3).
Across all three models, there were no significant relationships between consistent and
inconsistent low back pain measurements and the following: age group (p = .630), race (p =
.198), years of education (p = .835), WRAT-III scores (p = .934), poverty status (p = .487), CESD scores (p = .692), BMI (p = .357), and perceived neighborhood quality (p = .638) across all 3
models.
To further explore these significant findings, fully adjusted binary logistic regressions
were conducted to examine two-way interactions between sex, comorbidities, and history of
depressive symptoms with other sociodemographic, health, and psychosocial characteristics on
consistent and inconsistent low back pain measurements. A significant two-way interaction was
observed between history of depressive symptoms and perceived neighborhood quality for
consistent and inconsistent low back pain measurement (β = 0.10, p = .010; model 4). Binary
logistic regressions were conducted as follow-up analyses to identify the direction of this
relationship. Results indicated that individuals who experienced a history of depressive
symptoms, and reported the quality of their neighborhood as “poor” to “fair”, were 3.3 times
more likely to demonstrate inconsistent low back pain reports (β = 0.30, p < .001, OR = 3.32,
95% CI = 2.10, 5.24; see Figure 5).
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There were no significant two-way interactions observed between sex or comorbidities
and other sociodemographic, health, and psychosocial characteristics on consistent and
inconsistent low back pain measurements (ps > .05)
In the subsample analyses that examined “John Henryism”, there was no significant
association identified between consistent and inconsistent low back pain and “John Henryism”
scores (n = 595, p = .054; Model 3). Due to non-significant relationships between “John
Henryism” and consistent and inconsistent pain measurements, two-way interactions were not
explored.

Discussion – Study 1
The purpose of study 1 was to examine the relationships between subjective and
objective pain within the hands, neck, and low back (aim 1); and to explore which individual
sociodemographic, health, and psychosocial characteristics may serve as unique correlates of
consistent and inconsistent subjective and objective pain measurements (aim 2). It was
hypothesized that subjective musculoskeletal pain of the hands, neck, and low back would
demonstrate weak or non-significant correlations with objective measures, as obtained through
in-person assessment of the same bodily locations (aim 1). Additionally, it was hypothesized that
those with consistent subjective and objective reports (i.e., “yes/yes” or “no/no” to subjective and
objective pain measures) would be older, indicate more years of education, be above poverty
status, and identify a greater number of comorbidities (aim 2). In contrast, it was hypothesized
that those with inconsistent subjective and objective measurements would indicate less years of
education, more effortful coping (e.g., higher “John Henryism”), higher levels of depressive
symptoms, a history of depressive symptoms, and poorer neighborhood ratings. The findings
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within study 1 partially support these hypotheses. The specific discussion of results for each aim
follows.

Aim 1
In study 1, over half of the sample (55%) indicated subjective or objective pain in at least
one bodily location, which is consistent with other epidemiological studies that have reported
pain prevalence rates between 14-64% (Hardt, Jacobsen, Goldberg, Nickel, & Buchwald, 2008;
Johannes et al., 2010; Portenoy et al., 2004). Among those who identified pain, 52% of the
sample indicated subjective reports of pain, which was considerably greater than the 8% who
exhibited pain upon passive range of motion. Follow-up analyses examined the correlation
between subjective and objective measures of pain across each pain site. The results indicated
that subjective hand pain was weakly correlated with objective hand pain; and there were no
significant correlations observed between subjective and objective neck pain and subjective and
objective back pain. This disparity between subjective and objective pain measurements, as well
as the lack of correlation between the two, suggests that these measurements may tap into unique
constructs of the pain experience not typically considered under the medical model.
According to the medical model, symptomatic pain should correspond with
pathophysiology, which suggests that degenerative processes or disease states are the source of
pain complaints (Engel, 1989; Haldeman, 1990). Under this assumption, the subjective and
objective pain measurements analyzed in this study should be highly correlated, which suggests
there is a pathological cause for the pain. However, the medical model does not account for
sociodemographic and psychosocial influences that may exacerbate the pain experience (Engel,
1989). For example, pain is deemed a highly subjective experience that varies from person-to-
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person and has been previously associated with sociodemographic factors (Fuentes et al., 2007;
Johannes et al., 2010), psychological distress and depression (Arnow et al., 2006; Currie &
Wang, 2004), and psychosocial experiences (Green & Hart-Johnson, 2012). As a result, pain
identified by subjective indicators that is not substantiated by objective measures of pain may
signal pain that is psychosomatic and independent of underlying pathology, which warrants
alternative treatment approaches (e.g., cognitive behavioral therapy or mindfulness). While this
study lends further support to a biopsychosocial approach to pain, more research is needed that
strives to understand these relationships.
The findings from the first aim of this study are consistent with earlier research that
investigated the relationships between similar subjective and objective pain measurements
(McGregor et al., 1998; Michel, Kohlmann, & Raspe, 1997). Specifically, McGregor and
colleagues (1998) examined the associations between subjective and objective pain measures of
the back, which included a traditional clinical assessment (e.g., passive range of motion) and a
thorough physical assessment (e.g., spinal motion and stability) that tested range of motion
across various planes of movements. While significant relationships between subjective and
objective pain measurements were observed, the strength of these relationships were weaker than
initially expected. In another study, Michel and colleagues (1997) examined the relationships
between subjective indicators of back pain and objective physical examinations (e.g., flexion and
extension). Results indicated that there was little agreement between subjective and objective
indicators of back pain severity. Furthermore, Teske and colleagues (1983) explored the validity
between subjective pain reports and an objective measure of observed pain behaviors (e.g.,
general restlessness or increased muscular tension). The researchers concluded that although the
subjective reports of pain correlated with clinical observations of pain behaviors (as identified
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through objective measures of pain), the magnitude of the relationships were small, and
discrepancies between subjective and objective reports were evidenced. While our findings are
consistent with previous research, cross-study comparisons are difficult due to the differences
across objective measures utilized within the research (Michel et al., 1997).
The lack of correlation between subjective and objective measurements may be explained
by the measurement properties of the clinical examination. Despite the objective nature of the
clinical examination to assess pain upon passive range of motion, these measures may still be
subject to individual characteristics, which might compromise the validity of the testing. For
example, factors such as pain severity, duration, location, and tolerance (Pope, Rosen, Wilder, &
Frymoyer, 1980; Teske et al., 1983), differences in physical abilities and function across
individuals (e.g., flexibility; Deyo, 1988), as well as presence of psychological distress
(McGregor et al., 1998) may impact the findings of the clinical examination and make diagnosis
of painful conditions more challenging. Particularly, McGregor and colleagues (1998)
hypothesized that inconsistencies observed across subjective and objective pain measures may be
the product of unique sociodemographic, health, and psychosocial characteristics; however, these
relationships had not been thoroughly explored to date.

Aim 2
In efforts to understand the individual factors that may be associated with inconsistent
pain measurements, this study further explored sociodemographic, health, and psychosocial
characteristics that increased the likelihood of observed discrepancies. Of primary interest in this
study are those who demonstrated inconsistent reports across subjective and objective pain
measures (i.e., pain reported subjectively but not observed objectively and vice versa).
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Characteristics Associated with Consistent and Inconsistent Hand Pain. We did not
observe any significant relationships between sociodemographic, health, and psychosocial
factors and consistent or inconsistent hand pain measurements. Additionally, there were no
significant associations identified amongst the subsample with “John Henryism” data on
consistent or inconsistent hand pain measurements. Overall, consistent measurements of hand
pain occurred in approximately 86% of the sample and a majority of those who were consistent
demonstrated no subjective or objective hand pain (85%). Conversely, among the 14% with hand
pain measured objectively or subjectively, less than 1% had a record of hand pain in both. As
compared to other pain sites, hand pain comprised the smallest group of those who reported
inconsistency between subjective and objective pain measurements.
Previous research has identified that osteoarthritis and rheumatoid arthritis were
significant predictors for hand pain, however, most of these studies were conducted on
participants who were older in age (Dahaghin et al., 2005). Within this study, osteoarthritis and
rheumatoid arthritis were not significantly associated with subjective or objective pain (as
described in methodology) and therefore, were not incorporated as an aspect of health within this
study. However, the research to date regarding predictors of hand pain is largely inconclusive. Of
the research that has been conducted amongst younger age groups, hand pain has been
previously associated with occupation (e.g., manual labor) as well as occupational stressors (e.g.,
work-related dissatisfaction; Behrens, Seligman, Cameron, Mathias, & Fine, 1994; Feuerstein,
Carosella, Burrell, Marshall, & Decaro, 1997). While we did not consider occupation or
occupation-related stressors within the current study, these may be significant predictors for
inconsistent hand pain measurements. However, more research is needed to understand
sociodemographic, health, and psychosocial characteristics associated with hand pain, as well as
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factors that may contribute to inconsistency between subjective and objective hand pain
measurements amongst those who are younger in age.
Characteristics Associated with Consistent and Inconsistent Neck Pain. Results from
the binary logistic regressions that examined the relationships between sociodemographic,
health, and psychosocial characteristics and inconsistent neck pain measurements identified that
individuals who reported a history of depressive symptoms were 1.8 times more likely to
indicate inconsistent neck pain measurements. A history of depressive symptoms was the only
significant characteristic identified within the fully adjusted model. Interestingly, two-way
interactions to better understand the complex relationships across sociodemographic, health, and
psychosocial characteristics indicated that individuals who reported a history of depressive
symptoms, and were below poverty status, were approximately three times more likely to
demonstrate inconsistent neck pain measurements.
Previous research has identified relationships between depressive symptomology and
pain. Bair and colleagues (2003) concluded that approximately 65% of individuals who
experience depression tended to report chronic pain in at least one bodily location. Inversely, the
rates of depressive symptoms in chronic pain samples vary from 5-85% across primary care and
community samples (Bair et al., 2003), with levels of pain severity predicting greater risk of
developing depressive symptoms despite age (Currie & Wang, 2004; Lépine & Briley, 2004). As
a result, the presence of either one can increase the likelihood of developing, or exacerbating, the
other. The causal pathways underlying the pain and depression relationship are largely
undetermined as there is still debate as to whether depression is an antecedent to, or consequence
of pain (Fishbain, Cutler, Rosomoff, & Rosomoff, 1997). While this study is unable to clarify the
causal pathway of these findings due to the correlational and cross-sectional nature of the
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research, it does add to the body of literature, which has previously concluded that depressive
symptoms are associated with neck pain (Blozik et al., 2009).
Additionally, despite the plethora of literature pertaining to the relationship between
depression and pain, this study expands upon existing findings by highlighting relationships
among individuals who are demonstrating inconsistent neck pain measurements. The research to
date that has investigated the relationships between subjective and objective pain measures has
not thoroughly explored sociodemographic, health, and psychosocial factors that may be related
to inconsistency across these measurements (McGregor et al., 1998). Furthermore, research has
not thoroughly explored these complex relationships across specific pain sites. This study’s
findings related to inconsistency between subjective and objective measurements highlight a
unique interaction between psychological and sociodemographic factors, which to our
knowledge, has not been observed as it pertains to consistency in pain measurements. These
interactions may be further explained by the biopsychosocial model of pain.
The biopsychosocial model of pain model considers the dynamic interactions that occur
between the biological, psychological, cognitive, and social processes; and ultimately shapes
individual perception of the pain experience (Gatchel, 2004; Turk & Flor, 1999). Pain is a highly
individualized and subjective experience that is not limited to a single stressor, rather it is
contingent on numerous stressors that include the following: distress related to chronic pain;
worry regarding the cause of pain; and impact of pain on health, overall function (e.g., cognitive
and physical), and social roles (e.g., unemployment; Valente, Ribeiro, & Jensen, 2009). Gatchel
(2004) suggests that these interacting factors can produce maladaptive cognitive appraisals of
pain (e.g., catastrophizing, learned helplessness, and passive coping skills), which may lead to or

55

exacerbate pain behaviors and behavioral disturbances (e.g., physical disability and sleep
disturbance; Campbell, Clauw, & Keefe, 2003; Goesling, Clauw, & Hassett, 2013).
In this study, it was observed that poverty status significantly moderated the relationship
between history of depressive symptoms and inconsistent neck pain measurements. Earlier
research has identified relationships between depressive symptoms and lower socioeconomic
status (Kosidou et al., 2011), particularly among those classified as low income (Andersen,
Thielen, Nygaard, & Diderichsen, 2009). Additionally, Palmlöf and colleagues (2012) concluded
that individuals with lower levels of income were at greater risk of developing ongoing chronic
neck pain, which may be attributable to increased levels of stress, financial strain, or
occupational factors (e.g., manual labor). Particularly, physically demanding work or work that
is considered high stress may contribute to psychological distress, as well as the development
and persistence of chronic neck pain among working age individuals (Palmer et al., 2001;
Palmlöf et al., 2012). Findings across these studies support the unique interaction between
depressive symptoms and poverty status as it pertains to pain. However, more research is needed
that incorporates additional measures of SES (e.g., occupation) in efforts to identify related
factors that may contribute to inconsistent neck pain reports.
Characteristics Associated with Consistent and Inconsistent Low Back Pain.
Additionally, we observed similar findings between history of depressive symptomology and
consistency of subjective and objective low back pain measurements. Results revealed that
individuals who reported a history of depressive symptoms during the year prior to data
collection were nearly two times more likely to demonstrate inconsistent low back pain
measurements. While findings also indicated that females and individuals with greater number of
comorbidities were significantly more likely to indicate inconsistent low back pain
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measurements, the odds of those experiencing inconsistent low back pain measurements were
greater among those with a history of depressive symptomology. Two-way interactions were
conducted to explore dynamic interactions between significant characteristics (i.e., sex,
comorbidities, and history of depressive symptoms) and other sociodemographic, health, and
psychosocial characteristics, to which no significant two-way interactions were identified for sex
and comorbidities.
Interestingly, this study identified a significant two-way interaction between history of
depressive symptoms and neighborhood quality, which indicated that the quality of the
neighborhood significantly moderated the relationship between history of depressive
symptomology and consistency in subjective and objective pain measurements. Particularly,
individuals who reported a history of depressive symptoms and rated their neighborhood as
“poor” to “fair” were over three times more likely to indicate inconsistent low back pain
measurements. These findings align closely with past research that has examined the
relationships between depressive symptoms and neighborhood quality (Aneshensel & Sucoff,
1996) and satisfaction (Gory, Ward, & Sherman, 1985). However, to our knowledge, this is the
first study to date that has identified these unique interactions as they pertain to inconsistent low
back pain measurements.
Furthermore, the neighborhood has been most commonly incorporated into the literature
as a macro-level indicator of social disadvantage and SES (Green & Hart-Johnson, 2012;
Schieman & Pearlin, 2006). However, Nicotera (2007) indicated that perceived neighborhood
satisfaction, as measured subjectively, is an important indicator of the overall quality of the
neighborhood as individual perception of the neighborhood is a direct reflection of the lived
experience within that environment. Particularly, neighborhood-rating scales may provide
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researchers with surface-level information pertaining to the resident’s overall perception of the
physical conditions, social supports, and resources available within the neighborhood (Nicotera,
2007). This subjective view of the neighborhood is typically the product of cognitive and
perceptual differences that are typically a reflection of social status, cultural values, as well as
unique life experiences (Gory et al., 1985). Specifically, research has shown that individuals who
reside in lower income neighborhoods were more likely to report worse perceived neighborhood
conditions (Steptoe & Feldman, 2001) and poor psychological health (Gary, Stark, & LaVeist,
2007), which may be a result of social and physical neighborhood characteristics (e.g., the built
environment; Franzini, Caughy, Spears, & Esquer, 2005). Thus, the individual perception of the
neighborhood may reflect the demand that these social and physical environments place upon
each individual (Lawton & Nahemow, 1973), which is directly related to psychological wellbeing (Lawton, Nahemow, & Tsong-M.Y., 1980). Specifically, it is hypothesized that individual
competencies (e.g., functional and cognitive abilities), particularly reduced competencies, may
intensify the sensitivity to the conditions of the neighborhood (Gory et al., 1985) and may
ultimately lead to poor health outcomes (Gary et al., 2008), depressive symptomology (Curry,
Latkin, & Davey-Rothwell, 2008; Gary et al., 2007), and pain (Green & Hart-Johnson, 2012).
Specifically, Rudy and colleagues (1988) indicated that individuals who experience pain
and concomitant depressive symptomology may appraise their situation negatively. Negative
appraisal and cognitive distortions evidenced in comorbid pain and depression may decrease
occupational involvement, reduce participation in social and recreational activities, and increase
withdrawal from in-home family activities (Geerlings, Twisk, Beekman, Deeg, & van Tilburg,
2002). While directionality of findings from this study cannot be determined due to the crosssectional nature of the data, two possible explanations can be inferred. First, it is possible that
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poor perceived neighborhood conditions reinforce or exacerbate psychological distress, which
may lead to greater likelihood of developing psychosomatic pain, or pain that is not associated
with underlying pathological conditions (Delgado, 2004). Secondly, it is possible that perceived
lack of supports, low access to physical or mental health care services, or poor physical
conditions of the neighborhood reinforce the cyclic relationship observed between pain and
depression.
Regardless, subjective pain complaints that do not correspond with objective pain
measurements may still have physiological implications. Specifically, it is hypothesized that the
complex interactions between sociodemographic and psychosocial factors are producing
physiological reactions to pain that are independent of pathological conditions (Flor, Turk, &
Birbaumer, 1985). These physiological reactions may be prevalent earlier in the life course, as
identified in the Motor Adaptation to Pain theory (Hodges & Tucker, 2011) and the proposed
Adapted Conceptual Model of the Motor Adaptation to Pain Theory. Specifically, Flor and
colleagues (1985) examined whether individuals with chronic low back pain exhibited
physiological reactions (e.g., muscular tension and reduced spinal motion) after exposure to
personally-relevant stressful situations. The exposure to stressful situations were implemented to
elicit greater levels of psychological distress within the participants in efforts to understand the
role of stress on physiological responses. The researchers investigated whether these
physiological reactions to stressful situations served as stronger predictors of pain than
pathological predictors (e.g., degenerative conditions). Findings from their study indicated that
individuals with chronic low back pain demonstrated hyper-reactivity to stressors of personal
significance and experienced prolonged delay in return to normal physiological function
following exposure to these stressors. These findings also confirmed that physiological responses
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associated with psychological distress may contribute to the development and persistence of low
back pain earlier in the life course (Flor et al., 1985).
These findings across the literature may explain some of the inconsistencies between subjective
and objective pain measures incorporated within the current study. It is also possible that
complex and dynamic interactions are translating into psychosomatic pain reports, which are
independent of pathological conditions, yet they may still have implications on physical function
and performance. More research is needed that examines the influences of sociodemographic,
health, and psychosocial characteristics that may lead to discrepant pain measurements, and
should consider whether or not pain that does not correlate with pathological findings leads to
deficits in physical function and performance.
Relationships between the History of Depressive Symptoms and the CES-D. It is also
important to note that while we observed significant relationships between a history of
depressive symptoms and the inconsistent pain measurements of the neck and low back, we did
not identify any unique relationships with the CES-D, a clinical screening tool used to identify
individuals who may be at risk for depressive symptomology (Radloff, 1977). The history of
depressive symptoms considers a longer timeframe in which symptoms may have been
evidenced, as compared to the CES-D, which focuses on symptoms experienced over the past
week. Individuals with a history of depressive symptoms may not be actively experiencing these
symptoms, thereby explaining the potential lack of correlation between the two, as well as the
lack of associations between the CES-D and inconsistency in pain measurements. Additionally,
despite reports of high prevalence of depression across minority populations (Dunlop, Song,
Lyons, Manheim, & Chang, 2003), there is some discourse as to whether existing screening
measures for depressive symptoms (e.g., CES-D) are appropriate and/or sensitive enough to
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detect depressive symptomology (Borowsky et al., 2000; Callahan & Wolinsky, 1994; Das,
Olfson, McCurtis, & Weissman, 2006; Long Foley et al., 2002). In fact, Long-Foley and
colleagues (2002) examined the adequacy of the CES-D among a group of older African
Americans. The authors concluded that the total scores on the CES-D were positively skewed
toward less depressive symptomology, which suggests that this screening measure may
underestimate depressive symptoms within this group (Callahan & Wolinsky, 1994).
Some researchers have posited that the underestimated level of depressive symptoms may
be explained by racially/culturally-derived concerns pertaining to racism and discrimination,
stigmatization (Williams, Neighbors, & Jackson, 2003), mistrust (Whaley, 2001), and/or health
beliefs (Diamant et al., 2004). As a result, African Americans may not report traditional
depressive symptoms (e.g., feeling sad or blue), rather their symptoms may manifest as somatic
or physiological complaints (F. M. Baker, Okwumabua, Philipose, & Wong, 1996; Brown,
Schulberg, & Madonia, 1996; Nguyen, Kitner-Triolo, Evans, & Zonderman, 2004). Specifically,
Brown and colleagues (1996) indicated that African Americans may be more likely to
demonstrate depressive symptomology through adoption of negative health behaviors (e.g.,
drinking or smoking), experience poor health outcomes (e.g., higher risk for high blood pressure
or other cardiovascular diseases, sleep disturbances, and pain), and display functional limitations
and disability (Brown et al., 1996). Consequently, somatization has been hypothesized as an
individual coping mechanism that may protect the individual from more traditional affective
symptoms of depression (Jenkins, Kleinman, & Good, 1991), and may serve as a stronger
indicator of depressive symptoms in screening measures (Nguyen et al., 2004). Thus, future
research should consider incorporating the somatization section from the CES-D, as opposed to
the overall scores, in efforts to enhance identification of depressive symptomology across
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minority groups. Especially as increased somatic complaints are associated with pain severity
across sociodemographic groups. Because the overall CES-D score was identified apriori for this
study, it was incorporated as such within the analyses, but may explain the lack of association
identified with CES-D and consistency in pain measurements.

Strengths of the Study
The current study has many strengths, which should be further highlighted. This is one of
the first studies to examine the relationships between subjective and objective pain
measurements across a variety of pain sites. Particularly, while past studies have also identified
weak to non-existent relationships, this is one of the first to explore the unique individual
characteristics that may contribute to our understanding of inconsistencies in pain measurements.
It is also important to note that the overall prevalence of pain identified through subjective and
objective pain reports supported the first pathway of the conceptual model that indicates high
levels of pain are experienced earlier in the life course. Much of the literature to date has
explored pain among older populations, despite studies indicating that individuals who are
younger in age are demonstrating prevalence rates of pain that are consistent with older
population groups (Rustøen et al., 2005). The unique findings of this study suggest that the pain
experienced earlier in the life course may be related to pathological findings; however, there are
unique sociodemographic and psychosocial correlates that may further contribute to the pain
experienced earlier in adulthood.
Additionally, while this study contributed to the literature related to consistency and
inconsistency of subjective and objective pain measurements, we incorporated numerous
indicators of SES in efforts to disentangle the complex relationships between demographic and
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socioeconomic factors and pain. While we did not observe interactions between race and
socioeconomic status in two-way interactions across pain measures, we did observe the unique
relationship between history of depressive symptoms and poverty status on inconsistent neck
pain reports.
Furthermore, while neighborhood quality has previously been studied as a determinant of
health, this is one of the first studies to incorporate a general neighborhood rating as a measure of
neighborhood quality in the context of pain across pain sites. Most of the literature to date has
incorporated neighborhood ratings pertaining to levels of crime or violence (Curry et al., 2008),
community supports and/or resources, social cohesion, and/or the built environment among other
factors (Aneshensel & Sucoff, 1996; Franzini et al., 2005; Gary et al., 2007; Saarloos, Alfonso,
Giles-Corti, Middleton, & Almeida, 2011). However, this is one of first studies to incorporate a
general indicator of neighborhood quality to enhance our understanding of inconsistencies in
pain measurement. While overall neighborhood rating is a broad measure that may comprise
numerous components, more research is needed to understand whether this single question may
be an appropriate follow-up question for those who indicate inconsistent pain reports.

Limitations of the Study
The primary limitations of the study pertain to the measurement of subjective and
objective pain measurement. Specifically, the subjective pain measurement incorporated pain
experienced in the 12 months prior to data collection. As a result, it is possible that recall bias is
a factor in subjective reports of pain. Furthermore, this subjective measure does not give an
indication of intensity, severity, frequency, or duration of the pain within the respective areas.
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There are also several limitations pertaining to the objective measure of pain. While the
same physicians and nurses within the study conducted the objective pain measurements, it is
possible that the protocol for physical manipulation was subject to measurement error. This may
have biased the actual representation of those who experienced objective pain in the hands, neck,
and low back. Additionally, this procedure and subsequent observations are subject to the
physician’s interpretation of these pain behaviors during the clinical examination. It is possible
that while facilitating the clinical examination, the physician missed non-verbal gestures (e.g.,
wincing) exhibited by the study’s participants. However, it is important to note that these
procedures, as undertaken in the study, are generally consistent with clinical examinations
conducted in primary care settings. As a result, it is imperative that standardized and evidencebased methods for physical examination translate to clinical practices, in efforts to enhance
validity of objective pain measurements. Regardless, the limitations that exist between subjective
and objective pain measures may have over- or under-estimated the association or lack thereof
between the two.
Missing data and incorporation of only those with valid data may have biased the sample.
However, using multiple imputation for over 60% of the data may have produced greater biases
within the results. This study should be replicated using multiple imputation approaches to
identify consistencies and differences. Additionally, within this study we did not observe any
significant relationships between “John Henryism” and consistency in pain measures. This lack
of association may have been a factor of insufficient power due to the low number of
respondents with valid data across all measures, including “John Henryism”. Future studies
should incorporate “John Henryism” to understand how effortful coping may moderate or
mediate the relationships between sociodemographic, health, and other psychosocial
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characteristics and inconsistent pain measurements. Finally, this study is cross-sectional in
nature, which means that causality could not be established.

Conclusion
In conclusion, subjective and objective indicators of hand pain were weakly correlated,
and there were no significant relationships identified between subjective and objective neck pain
and subjective and objective low back pain measurements. History of depressive symptoms and
indicators of socioeconomic status (i.e., poverty status and neighborhood quality) were identified
as moderators of inconsistent pain measurements across this racially and socioeconomically
diverse sample. These findings suggest that musculoskeletal pain may be a product of
sociodemographic characteristics, psychological distress, and psychosocial factors, which may
be independent of underlying pathology. As a result, treatment approaches to musculoskeletal
complaints should not only be based upon findings from clinical examination; rather, clinicians
should also consider unique sociodemographic and psychosocial characteristics that may
contribute to the development or exacerbation of musculoskeletal pain complaints. The
implications of this research are discussed in greater detail in the general conclusions section of
this dissertation.
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Figure 3. Flow chart of participants with missing data for Study 1. Note: Subjective pain is a
composite variable of anyone who responded to low back pain, hand pain, and neck pain.
Objective pain is based upon physical examination (i.e., pain upon passive range of motion) of
the left- and right hand, neck, and low back.
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Table 1: Demographic Characteristics of the Overall Sample and Consistent and Inconsistent Measurements across Pain Sites
Hand
Total
Characteristics

(n = 887)
n (%) / M (SD)

Neck

Consistent
Paina

Inconsistent
Painb

(n = 762)

(n = 125)

n (%) / M (SD)

n (%) / M (SD)

pvalue

Low Back

Consistent
Paina

Inconsistent
Painb

(n = 731)

(n = 156)

n (%) / M (SD)

n (%) / M (SD)

pvalue

Consistent
Paina

Inconsistent
Paina

(n = 529)

(n = 358)

n (%) / M (SD)

n (%) / M (SD)

103 (19.47)

64 (17.88)

282 (53.31)

181 (50.56)

144 (27.22)

113 (31.56)

pvalue

Sociodemographic
Age Groups
Ages 30-39

167 (18.83)

142 (18.64)

25 (20.00)

146 (19.97)

21 (13.46)

Ages 40-54

463 (52.20)

400 (52.49)

63 (50.40)

374 (51.16)

89 (57.05)

Ages 55-64

257 (28.97)

220 (28.87)

37 (29.60)

211 (28.86)

46 (29.49)

Sex (female)

512 (57.72)

435 (57.09)

77 (61.60)

.344

413 (56.60)

99 (64.46)

.110

284 (53.69)

228 (63.69)

.003

Race (Black)

422 (47.58)

371 (48.69)

51 (40.80)

.102

354 (48.43)

68 (43.59)

.272

265 (50.05)

157 (43.85)

.068

Education (years)

12.15 (2.88)

12.10 (2.87)

12.43 (2.98)

.232

12.19 (2.82)

11.93 (3.14)

.300

12.19 (2.84)

12.09 (2.94)

.562

WRAT- III (score)

42.41 (7.94)

42.35 (7.97)

42.75 (7.78)

.603

42.53 (8.00)

41.83 (7.67)

.313

42.42 (7.97)

42.39 (7.91)

.955

Poverty Status (below)

323 (36.41)

286 (37.53)

37 (29.60)

.088

263 (35.98)

60 (38.46)

.558

185 (34.97)

138 (36.31)

.278

513 (57.83)

435 (57.08)

78 (62.40)

.307

417 (57.05)

96 (61.54)

.308

283 (53.50)

230 (64.25)

<.001

15.80 (11.69)

15.94 (11.61)

14.48 (12.18)

.393

15.84 (11.83)

15.62 (11.05)

.830

15.73 (11.70)

15.91 (11.69)

.825

History of Depressive
Symptoms (yes)

248 (27.96)

211 (27.69)

37 (29.60)

.659

187 (25.58)

61 (39.10)

<.001

112 (21.17)

136 (37.99)

<.001

Body Mass Index (total)

30.05 (7.74)

29.99 (7.88)

30.42 (6.86)

.565

30.12 (7.83)

29.69 (7.31)

.531

29.80 (7.71)

30.40 (7.79)

.269

Neighborhood Quality

422 (47.58)

397 (52.10)

57 (45.60)

.633

343 (46.92)

70 (50.64)

.399

255 (48.20)

167 (46.65)

.649

“John Henryism”c
(score)

42.24 (5.39)

42.20 (5.40)

42.49 (5.33)

.673

42.27 (5.45)

42.05 (5.13)

.697

42.52 (5.35)

41.81 (5.43)

.119

.898

.152

.370

Health
Medical Conditions (1+)
CES-D (score)

Psychosocial
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Note: WRAT-III = Wide Range Achievement Test – III; CES-D = Center for Epidemiological
Studies Depression Scale; Body Mass Index = kg/m2. Chi square tests of independence were used
to identify differences between those with consistent and inconsistent pain across pain sites.
Independent samples t-test were used to estimate differences between those with consistent and
inconsistent pain across pain sites for continuous variables.
a

Consistent Pain = Subjective pain and objective pain reported (“yes”, “yes”) or no subjective or

objective pain reported (“no”, “no”).
b

Inconsistent Pain = Only one measure of pain reported (e.g., “yes” to subjective pain but “no” to

objective pain or “yes” to objective pain but “no” to subjective pain).
c

Due to missing data “John Henryism” was explored in a subsample of participants with complete

pain, sociodemographic, health, and psychosocial data (n = 595). The counts of the 595
participants with consistent and inconsistent pain measurement groups across sites are as follows:
consistent (n = 526) and inconsistent (n = 69) hand pain, consistent (n = 491) and inconsistent (n
= 104) neck pain, and consistent (n = 358) and inconsistent (n = 237) low back pain
measurements.
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Table 2: Frequencies of Subjective and Objective Pain across Consistent and Inconsistent Hand
Pain Measurements

No

Yes

No

n = 758
(Consistent)

n=1
(Inconsistent)

Yes

Subjective
Hand Pain

Objective Hand Paina

n = 124
(Inconsistent)

n=4
(Consistent)

Note. Consistent and inconsistent hand reporting responses for the final sample (n = 887).
Participants who demonstrated consistent hand pain reports (n = 762; “no” for both subjective
and objective hand pain or “yes” for both subjective and objective hand pain) and participants
who demonstrated inconsistent hand pain reports (n = 125; “yes” to subjective hand pain and “no” to
objective hand pain; or vice versa) comprise the consistent and inconsistent hand pain measurement
groups.
a

Objective hand pain is based upon physical examination (i.e., pain upon passive range of motion) of the

hands.
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Table 3. Frequencies of Subjective and Objective Pain across Consistent and Inconsistent Neck
Pain Measurements

No

Yes

No

n = 727
(Consistent)

n = 23
(Inconsistent)

Yes

Subjective Neck
Pain

Objective Neck Paina

n = 133
(Inconsistent)

n=4
(Consistent)

Note. Consistent and inconsistent neck pain measurement responses for the final sample (n =
887). Participants who demonstrated consistent neck pain measurements (n = 731; “no” for
both subjective and objective neck pain or “yes” for both subjective and objective neck
pain) and participants who demonstrated inconsistent neck pain measurements (n = 156;
“yes” to subjective neck pain and “no” to objective neck pain; or vice versa) comprise the
neck pain measurement groups.
a

Objective neck pain is based upon physical examination (i.e., pain upon passive range of

motion) of the neck.
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Table 4. Frequencies of Subjective and Objective Pain across Consistent and Inconsistent Low
Back Pain Measurements

No

Yes

No

n = 511
(Consistent)

n = 34
(Inconsistent)

Yes

Subjective Low
Back Pain

Objective Low Back Paina

n = 324
(Inconsistent)

n = 18
(Consistent)

Note. Consistent and inconsistent low back pain measurements for the final sample (n =
887). Participants who demonstrated consistent low back pain measurements (n = 529; “no”
for both subjective and objective low back pain or “yes” for both subjective and objective
low back pain); and participants who demonstrated inconsistent low pain reports (n = 358;
“yes” to subjective low back pain and “no” to objective low back pain; or vice versa)
comprise the low back pain measurement groups.
a

Objective low back pain is based upon physical examination (i.e., pain upon passive range

of motion) of the low back.
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Table 5. Relationships between Sociodemographic, Health, and Psychosocial Characteristics and Subjective and Objective Pain
Measure
1. Age Group
2. Sex
3. Race
4. Education
5. WRAT-III
6. Poverty Status
7. Comorbidites
8. CES-D
9. History of Depressive Symptoms
10. Body Mass Index
11. "John Henryism"
12. Neighborhood Quality
13. Subjective Hand Pain
14. Objective Hand Pain
15. Subjective Low Back Pain
16. Objective Low Back Pain
17. Subjective Neck Pain
18. Objective Neck Pain

1
2
3
4
5
6
-0.01
0.02
0.01
-0.01 -0.00
0.04
-0.08* 0.03 -0.17*** 0.44***
0.07* -0.01 -0.08* 0.24*** 0.21***
0.28*** -0.03 -0.04 -0.02
0.00 -0.04
-0.01 -0.01
0.01 -0.03
0.00 -0.06
0.00
0.11*** -0.10** -0.00
0.01 -0.06
-0.06 -0.05 -0.04 -0.02 -0.03 -0.01
-0.04
0.04 -0.01
0.05
0.01
0.09*
0.00 -0.02
0.03 -0.05 -0.05 -0.04
0.00
0.03 -0.05
0.03
0.01
0.05
0.01
0.03 -0.01 -0.02 -0.06 -0.01
0.06
0.09** -0.05 -0.03
0.00 -0.05
0.05
0.03 -0.02 -0.01 -0.01
0.03
0.03
0.06 -0.04 -0.01 -0.01 -0.02
0.04
0.05
0.07* -0.03 -0.05
0.01

7

8

9

10

-0.07*
0.09** 0.02
0.04 -0.00
0.03
0.02 -0.27*** 0.03 -0.02
0.00
0.12*** 0.00 -0.01
0.00 -0.02
0.01
0.03
-0.01 -0.00 -0.05 -0.04
0.13*** 0.00
0.20*** 0.03
0.07* 0.00
0.05
0.00
0.06 -0.01
0.16*** -0.01
-0.03
0.03 -0.04 -0.03

11

12

-0.15*** 0.01 -0.01
-0.06 -0.01
-0.05
0.01
-0.04 -0.06
0.02
0.04
-0.05
0.02

13

14

15

16

17

18

0.14***
-0.06 -0.03
0.16*** 0.10** -0.02
-0.02
0.01
0.29*** -0.01
0.10** 0.34*** -0.02
0.26*** -0.00

-

Note: WRAT-III = Wide Range Achievement Test - 3rd Edition; CES-D = Centers for the Epidemiological Studies Depression Scale.
Overall sample size = 887. "John Henryism" is based on a subsample of participants (n = 595). *p<.05, **p<.01, ***p<.001
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Table 6. Correlations between Consistent and Inconsistent Pain Groups and Sociodemographic,
Health, and Psychosocial Characteristics
Correlation Coefficients
Characteristics

Sociodemographics
Age Groupa
Sexa
Racea
Educationb
WRAT-IIIb
Poverty Statusa
Health
Comorbiditiesa
CES-Db
History of Depressive
Symptomsb
BMIb
Psychosocial
Neighborhood Ratinga
"John Henryism"b

Hand Pain
Groups

Neck Pain
Groups

Low Back Pain
Groups

-0.00
0.03
-0.05
0.04
0.02
0.06

0.04
0.05
-0.04
-0.03
-0.03
-0.02

0.04
0.10**
-0.06
-0.02
-0.00
-0.04

0.02
-0.03

0.05
-0.01

0.13***
-0.03

0.01
0.05

0.11***
-0.02

0.18***
0.02

-0.02
0.02

0.03
-0.02

-0.02
0.02

Note: WRAT-III = Wide Range Achievement Test (3rd Edition); CES-D = Center
For Epidemiological Studies Depression Scale; BMI = Body mass index. *p <.05,
**p <.01, ***p <001.
a

Spearman correlations were used to examine the relationships between consistent and

inconsistent pain measurements and categorical sociodemographic, health, and psychosocial
characteristics across each pain site.
b

Pearson correlations were used to examine the relationships between consistent and inconsistent

pain measurements and non-categorical sociodemographic, health, and psychosocial
characteristics across each pain site.
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Table 7. Binary Logistic Regressions for Sociodemographic, Health, Psychosocial, and Pain Variables and Consistent and Inconsistent Hand
Pain Measurements
Hand Pain Groups
Characteristics

Model 1
Sociodemographic
Age Group
Sex
Race
Education
WRAT-III
Poverty Statusa
Model 2
Health
Comorbidities
CES-D
History of Depressive
Symptoms
BMI
Model 3
Psychosocial
Neighborhood
Quality
"John Henryism"b

Model 1

Model 2

Model 3

OR (95% CI)

p-value

OR (95% CI)

p-value

OR (95% CI)

p-value

0.97 (0.74, 1.29)
1.22 (0.83, 1.80)
0.72 (0.48, 1.07)
1.04 (0.97, 1.12)
0.99 (0.97, 1.02)
1.36 (0.89, 2.09)

.841
.315
.099
.299
.581
.159

0.96 (0.71, 1.28)
1.23 (0.83, 1.82)
0.73 (0.49, 1.08)
1.04 (0.97, 1.12)
0.99 (0.97, 1.02)
1.37 (0.89, 2.10)

.759
.311
.117
.302
.562
.157

0.96 (0.71, 1.28)
1.22 (0.83, 1.82)
0.73 (0.49, 1.09)
1.04 (0.97, 1.12)
0.99 (0.96, 1.02)
1.36 (0.89, 2.10)

.759
.314
.119
.307
.557
.158

1.08 (0.81, 1.46)
0.99 (0.98, 1.01)

.616
.478

1.08 (0.81, 1.44)
1.01 (0.98, 1.03)

.613
.496

1.04 (0.68, 1.60)

.847

1.04 (0.68, 1.60)

.847

1.01 (0.98, 1.03)

.610

1.01 (0.98, 1.03)

.609

0.95 (0.71, 1.28)

.811

1.00 (0.95, 1.05)

.848
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Note: WRAT-III = Wide Range Achievement Test – 3rd Edition; CES-D = Centers for the
Epidemiological Studies Depression Scale. Binary Logistic Regressions reflect the odds for
inconsistent (1) vs. consistent (0) measurement of hand pain as those with inconsistent
measurement of pain was the group of interest.
a

Poverty Status = “Below” (income level at or below 125% poverty level) or “Above” (income

over 125% of poverty level).
b

“John Henryism” is based on a subsample of participants (n = 595). Overall sample size is

887.*p < .05, **p < .01, ***p < .001.
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Table 8. Binary Logistic Regressions for Sociodemographic, Health, Psychosocial, and Pain Variables and Consistent and Inconsistent
Neck Pain Measurements
Neck Pain Groups
Characteristics

Model 1
Sociodemographic
Age Group
Sex
Race
Education
WRAT-III
Poverty Statusa
Model 2
Health
Comorbidities
CES-D
History of Depressive
Symptoms
BMI
Model 3
Psychosocial
Neighborhood
Quality
"John Henryism"b

Model 1

Model 2

Model 3

OR (95% CI)

p-value

OR (95% CI)

p-value

OR (95% CI)

p-value

1.17 (0.90, 1.51)
1.35 (0.94, 1.93)
0.80 (0.56, 1.14)
0.99 (0.92, 1.06)
0.99 (0.97, 1.02)
0.92 (0.63, 1.34)

.239
.101
.212
.676
.444
.665

1.12 (0.85, 1.47)
1.27 (0.89, 1.83)
0.84 (0.58, 1.21)
0.99 (0.92, 1.06)
0.99 (0.97, 1.01)
0.96 (0.66, 1.40)

.421
.193
.349
.663
.396
.844

1.12 (0.85, 1.47)
1.28 (0.89, 1.84)
0.84 (0.58, 1.21)
0.99 (0.92, 1.06)
0.99 (0.97, 1.02)
0.97 (0.66, 1.41)

.423
.187
.343
.686
.411
.853

1.12 (0.86, 1.45)
1.00 (0.98, 1.01)

.402
.780

1.12 (0.86, 1.45)
1.00 (0.98, 1.01)

.401
.714

1.77 (1.22, 2.56)

.003

1.77 (1.22, 2.56)

.003

0.99 (0.97, 1.02)

.471

0.99 (0.97, 1.02)

.470

1.17 (0.82, 1.66)

.396

0.99 (0.95, 1.03)

.561
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Note: WRAT-III = Wide Range Achievement Test – 3rd Edition; CES-D = Centers for the
Epidemiological Studies Depression Scale. Binary Logistic Regressions reflect the odds for
inconsistent (1) vs. consistent (0) measurement of neck pain as those with inconsistent
measurement of pain was the group of interest.
a

Poverty Status = “Below” (income level at or below 125% poverty level) or “Above” (income

over 125% of poverty level).
b

“John Henryism” is based on a subsample of participants (n = 595). Overall sample size is

887.*p < .05, **p < .01, ***p < .001.
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Table 9. Binary Logistic Regressions for Sociodemographic, Health, Psychosocial, and Pain Variables and Consistent and Inconsistent Low
Back Pain Measurements
Low Back Pain Groups
Characteristics

Model 1
Sociodemographic
Age Group
Sex
Race
Education
WRAT-III
Poverty Statusa
Model 2
Health
Comorbidities
CES-D
History of Depressive
Symptoms
BMI
Model 3
Psychosocial
Neighborhood
Quality
"John Henryism"b

Model 1

Model 2

Model 3

OR (95% CI)

p-value

OR (95% CI)

p-value

OR (95% CI)

p-value

1.16 (0.95, 1.41)
1.52 (1.15, 2.00)
0.76 (0.58, 1.01)
1.00 (0.94, 1.05)
1.00 (0.98, 1.02)
0.84 (0.62, 1.12)

.157
.003
.055
.882
.984
.228

1.05 (0.85, 1.31)
1.47 (1.11, 1.95)
0.83 (0.62, 1.10)
1.00 (0.94, 1.05)
1.00 (0.98, 1.02)
0.90 (0.67, 1.22)

.632
.008
.194
.848
.941
.493

1.05 (0.85, 1.31)
1.47 (1.10, 1.95)
0.83 (0.62, 1.10)
0.99 (0.94, 1.05)
1.00 (0.98, 1.02)
0.90 (0.67, 1.21)

.630
.008
.198
.835
.934
.487

1.39 (1.13, 1.72)
1.00 (0.99, 1.01)

.002
.730

1.39 (1.13, 1.72)
1.00 (0.99, 1.03)

.002
.692

2.04 (1.50, 2.77)

<.001

2.04 (1.50, 2.77)

<.001

1.01 (0.99, 1.03)

.355

1.01 (0.99, 1.03)

.357

0.94 (0.71, 1.24)

.638

0.97 (0.94, 1.00)

.054
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Note: WRAT-III = Wide Range Achievement Test – 3rd Edition; CES-D = Centers for the
Epidemiological Studies Depression Scale. Binary Logistic Regressions reflect the odds for
inconsistent (1) vs. consistent (0) measurement of low back pain as those with inconsistent
measurement of pain was the group of interest.
a

Poverty Status = “Below” (income level at or below 125% poverty level) or “Above” (income

over 125% of poverty level).
b

“John Henryism” is based on a subsample of participants (n = 595). Overall sample size is

887.*p < .05, **p < .01, ***p < .001.
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Odds Ratios for Inconsistent Neck Pain

5

4

*
3
No Depression
2

Depression

1

0
Below Poverty Status

Above Poverty Status

Poverty Level

Figure 4. Two-way interaction between history of depressive symptoms and poverty status on
inconsistent neck pain measurements. *p <.05. Note: These findings signify that individuals who
have experienced depressive symptoms and were below the poverty line were nearly 3 times
more likely to demonstrate inconsistent neck pain measurements.
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Odds Ratio for Inconsistent Low Back
Pain

6

*
5
4
3

No Depression
Depression

2

1
0
Good to Excellent

Poor to Fair

Neighborhood Quality

Figure 5. Two-way interaction between history of depressive symptoms and neighborhood
quality on inconsistent low back pain reports. *p < .05. These findings signify that individuals
who have experienced a history of depressive symptoms and report “poor” to “fair”
neighborhood quality are 3.3 times more likely to demonstrate inconsistent neck pain
measurements.
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CHAPTER FOUR: STUDY 2: CROSS-SECTIONAL EXAMINATION OF PAIN AND
PHYSICAL FUNCTION IN A SOCIOECONOMICALLY DIVERSE SAMPLE OF
BLACK AND WHITE ADULTS

Introduction
Musculoskeletal pain is associated with greater levels of disability (Patel et al., 2013;
Peat et al., 2006) and threatens functional independence across numerous age groups. Existing
literature is largely focused on pain and poorer physical function in older adult populations,
despite some evidence of mid-life pain and similar reports in physical limitations (Covinsky et
al., 2009; Rustøen et al., 2005). Older individuals tend to express more pain (Blyth et al., 2001)
of greater intensity (Elliott, Smith, Penny, Cairns Smith, & Alastair Chambers, 1999); whereas,
middle-aged individuals tend to express more pain locations of unidentifiable causes, and are
considered a high-risk group for chronic pain (Rustøen et al., 2005; Yagci et al., 2007). Rustøen
and colleagues (2005) identified pain as a chronic and persistent problem plaguing the middleage group; and Covinsky and colleagues (2009) concluded that middle-aged individuals in pain
are demonstrating functional limitations similar to those typically observed in studies including
older adult samples. However, much of the existing literature that examined pain and physical
function earlier in the life course has included only subjective reports of functional limitations
and disability, and has not thoroughly examined how race and socioeconomic status might
moderate this relationship.
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Given the findings by Covinsky and colleagues (2009), studies that strive to expand upon
the relationships between pain and physical function earlier in the life course, and across
sensitive performance measures, are essential. Existing studies that have examined these
relationships between pain and physical function commonly include measures of subjective
reports of functional limitations and disability (Covinsky et al., 2009; Peat et al., 2006), rather
than objective measures of physical performance. Self-reported limitations in physical function
may not often correlate well with more objective measures (Reuben, Valle, Hays, & Siu, 1995),
suggesting that these measures may be tapping into different constructs of functional abilities
(Gitlin, 2006). Moreover, objective performance measures provide information that may not be
attainable through self-reported evaluation of physical function (e.g., more accurate assessment
of specific functional capabilities of strength, balance, and mobility), as the individual may often
be unaware that specific deficits exist (Gitlin, 2006; Guralnik, Simonsick, et al., 1994). Because
middle-aged individuals have greater compensatory strategies, changes in physical function
earlier in the life course may be subtle and go unnoticed, as losses are fully compensated
(Ferrucci et al., 2016). This may be especially true amongst younger- to middle-aged adults who
are compensating when in greater pain. Incorporating objective measures of upper- and lowerbody strength, balance, and gait that are sensitive enough to detect losses or deficits promotes a
more comprehensive understanding of musculoskeletal pain and its relationship with various
measures of physical function.

Sociodemographic Disparities in Pain and Physical Function
Additionally, previous literature that has examined pain and physical function earlier in
the life course has typically incorporated individuals who were predominately White, or of
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higher socioeconomic status (SES). This is despite the fact that a high percentage of minority
populations (e.g., Blacks) report musculoskeletal pain (Berkman et al., 1993; Leveille et al.,
2002). Prior studies also concluded that females (Smith et al., 2001), ethnically diverse groups
(Green & Hart-Johnson, 2012; Portenoy et al., 2004), and those of lower SES (Johannes et al.,
2010; Portenoy et al., 2004; Smith et al., 2001) are at greatest risk of experiencing pain.
Particularly, Johannes et al. (2010) identified that individuals with lower household incomes
demonstrated greater odds of musculoskeletal pain than individuals with higher levels of income
(i.e., ≥$100,000; Johannes et al., 2010). Similar studies indicated that SES-related characteristics
(e.g., education) were also significantly related to musculoskeletal pain, particularly pain that
was considered disabling (Portenoy et al., 2004).
Furthermore, SES may explain racial and gender disparities in physical function.
Specifically, lower levels of SES are significantly associated with worse physical performance
related to grip strength, lower-body strength, and balance for men and women (Kuh et al., 2005).
When accounting for measures of SES (e.g., education), racial disparities are often reduced or
eliminated (Clay et al., 2015; LaVeist et al., 2011). These complex interactions are particularly
evident among individuals who report musculoskeletal pain, but have not been thoroughly
explored amongst a racially and socioeconomically diverse group of younger- to middle-aged
adults (Portenoy et al., 2004).
The aims of this study were to: 1) Examine the relationship between musculoskeletal pain
and global physical function (i.e., a global measure of performance, based on upper- and lowerbody strength, balance, gait abnormalities); and, 2) Investigate whether sociodemographic
characteristics (e.g., age, race, and measures of SES) moderate the relationship between pain and
physical function, in a sample of community-dwelling, Black and White adults. It was
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hypothesized that both musculoskeletal pain and pain interference would be significantly
associated with poorer physical function. Additionally, adults who self-identify as Black, have
lower levels of education, poorer reading literacy, or fall below poverty status would
demonstrate worse physical functioning, particularly if they experienced musculoskeletal pain
and pain interference.

Methodology
Participants
Participants in this study came from the Healthy Aging in Neighborhoods of Diversity
across the Life Span (HANDLS; Evans et al., 2010) a 20-year longitudinal study designed to
examine the influences of sociodemographic factors, specifically race and SES over time on
health outcomes. Community dwelling, socioeconomically diverse, Blacks and Whites aged 3064 (n = 875), were included in the current study if they had valid data across all measures (e.g.,
pain, sociodemographic, health, and physical function data; see Figure 6 for study flowchart).
HANDLS recruited participants from 13 pre-determined groups of contiguous census tracts
located within Baltimore, Maryland. HANDLS visits consisted of an in-home interview in which
various subjective information were collected (e.g., health status, psychosocial information, and
cognitive evaluation). Additionally, Medical Research Vehicles parked within each
neighborhood were used to collect objective measures (e.g., physical examination and physical
function measures). Participants were compensated for their time. To test the study aims, the
current study utilized cross-sectional data from HANDLS Wave 1, which was collected over
approximately 4½ years (2004-2009). HANDLS was approved by the Institutional Review
Board at the National Institute of Environmental Sciences at National Institutes of Health. All
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participants provided written informed consent. Additionally, this study was approved by the
Institutional Review Board at the University of South Florida.

Musculoskeletal Pain and Pain Interference as Independent Variables
Pain. Information on pain was obtained during examination of participant’s medical
history. A physician or nurse practitioner collected participants’ medical history in a structured
interview, in which participants indicated whether they have/had experienced pain in the neck,
low back, muscle/s and/or joint/s in the 12 months prior to data collection (“No” = 0, “Yes” = 1).
Hand pain was derived from the following question: “Is pain or arthritis in the hands worse
recently?” (“No” = 0, “Yes” = 1). Responses were summed and categorized into three groups:
(1) no pain sites, (2) single pain site, or (3) >1 pain site and reflected musculoskeletal pain as
done in previous research (Eggermont, Bean, Guralnik, & Leveille, 2009; Leveille et al., 2009).
Pain Interference. Pain interference has been utilized as an indicator of pain that is
considered disabling, and is associated with sociodemographic, health, and psychosocial factors
(Jordan et al., 2008). For example, previous research has concluded that older adults (Thomas,
Peat, Harris, Wilkie, & Croft, 2004), individuals with depression, those with a prior history of
pain, and of poorer SES (Jordan et al., 2008) are more likely to report pain interference.
Specifically, pain interference is associated with greater physical limitations among females,
older adults, as well as individuals who report chronic health conditions (e.g., arthritis and
cardiovascular conditions; Scudds & Østbye, 2001). For this study, pain interference was
examined using item number eight from the SF-12 (“During the past 4 weeks, how much did
pain interfere with your normal work, including work outside the home and housework”), with
five response options ranging from “extremely” (1) to “not at all” (5; Ware, Kosinski, & Keller,
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1996). For this study, the responses based on the extent of pain interference were dichotomized
as “Extremely”, “Quite a bit”, and “Moderately” (1), and “A little bit” and “Not at all” (0), due to
unequal distribution of responses, which is consistent with past research (Jordan et al., 2008;
Scudds & Østbye, 2001; Thomas et al., 2004; Ware, Kosinski, Dewey, & Gandek, 2000).
Because pain interference has been identified as a measure of the impact of pain, and is
associated with physical limitations, it was considered an independent variable within the
analyses.

Physical Function Variables as Dependent Variables
Physical performance was examined using items from the short physical performance
battery (SPPB; Guralnik, Simonsick, et al., 1994). The SPPB included measures of upper- and
lower-body strength (e.g., time to complete repeated chair stands), and balance, as originally
incorporated within the Established Populations for Epidemiologic Studies of the Elderly
(Taylor, Wallace, Ostfeld, & Blazer, 2006) and Women’s Health and Aging Study (Guralnik,
Fried, Simonsick, Kasper, & Lafferty, 1995). Participants completed the performance tasks in the
following order: right- and left-grip strength, side-by-side stand, semi-tandem stand, tandem
stand, and 5- and 10-chair stands.
Upper-Body Strength. Grip strength is a common measure used as an indicator of
upper- (Cesari et al., 2006) and lower-body strength (Pijnappels, Reeves, & van Dieën, 2008),
and frailty (Fried et al., 2001). Among participants in the HANDLS sample, previous research
has reported that grip strength is particularly sensitive to race and socioeconomic status, as
performance varied across Blacks and Whites, as well as males below and above poverty status
(Thorpe et al., 2016). Right- and left-handed grip strength were measured using a Jamar
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Hydraulic Hand Dynamometer (Model No. 5030J 1 Sammons Preston Rolyan, Bolingbrook, IL),
in which the maximum kilograms of force across two trials for each hand were recorded. For this
measure, each hand was tested in a resting position on a table, with flexion at approximately 160o
(Evans et al., 2010). Two trials were conducted across each hand in which the average of the two
hands were calculated for this study, which is consistent with previous research (Woo, Leung, &
Lau, 2009).
Lower-Body Strength. Time to complete 5- and 10-chair stands (seconds) was used as
an indicator of lower-body strength. Chair stands are a commonly-used tool to examine lowerbody strength in middle-aged and older populations (Bohannon, 1995). With this measure,
participants are asked to stand up from a straight-backed chair repeatedly, in which time to
complete both 5- and 10-chair stands were reported. In order to address higher functionality
existing across younger participants, HANDLS researchers modified the SPPB to identify
meaningful differences earlier in the life course (Evans et al., 2010). Because the SPPB is
commonly used with older adults, particularly those with functional limitations, chair stand
measures were modified for proposed higher functional capacity by increasing the completion
number from 5- to 10. The split time for 5-chair stands and total time to complete 10-chair stands
were collected separately during testing (Curb et al., 2006; Evans et al., 2010). As a result, this
study examined 5- and 10-chair stands separately. Because higher time is representative of
poorer performance on the chair stand time, the continuous score was reverse coded for analyses
to ensure those unable to complete the task (i.e., received a score of 0) did not skew the means
toward better performance.
Balance. Balance, as part of the SPPB, was measured using the side-by-side, semitandem, full-tandem stand test (Guralnik, Simonsick, et al., 1994). Participants were required to
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maintain their balance without the use of any aid for a given period. If loss of balance occurred,
the time that balance was lost was noted. See Table 10 for procedure, timing, and scoring of the
balance task (Eggermont et al., 2009; Guralnik, Simonsick, et al., 1994; Lang, Guralnik, &
Melzer, 2007). Scores across each balance test were summed to derive a component measure of
balance, in which higher score (i.e., score = 9) and was representative of better balance.
Gait. Any observed abnormalities in gait (i.e., “senile”, “Parkinsonian”, “spastic”, and/or
“other” types of gait disturbances) were coded as “abnormal” (1). Participants who did not
display any of the aforementioned gait disturbances were coded as “normal” (0), based on
clinical examination by a trained physician (Evans et al., 2010). The gait abnormalities sum was
used as a proxy for impaired mobility (e.g., higher number of observed gait abnormalities may be
representative of more impaired mobility; Evans et al., 2010) as gait speed is unavailable within
the HANDLS dataset.

Covariates
Sociodemographic Variables. Demographic data were collected via self-report during
the in-home visits. Age was grouped to distinguish “younger age” (0; age 30-39), “middle-aged”
(1; age 40-54), and “older age” (2; age 55+). Sex represented “males” (0) and “females” (1).
Race was coded as “White” (0) or “Black” (1). The education variable was continuous and
reflected total years of education attained (range 0 – 21 years). Poverty status was determined by
poverty guidelines published by the U.S. Department of Health and Human Services (2004).
Poverty status was based on poverty guidelines set forth in 2004, and was defined by HANDLS
as, “below poverty status” (0), which included those who subjectively reported income at or
below 125% of the poverty level, and “above poverty status” (1), which included those who
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reported income over 125% of the poverty level (Evans et al., 2010). The Wide Range
Achievement Test - III (WRAT-III; Wilkinson, 1993), was used as an objective measure of
reading literacy and education quality. Scores are continuous and determined by a participant’s
ability to recognize and correctly pronounce letters and words. The total WRAT-III score was
analyzed as a continuous variable, in which scores ranged from “low reading literacy” (0) to
“high reading literacy” (57).
Health Variables. Health-related factors were obtained during medical history interview,
in which participants indicated “yes” (1) or “no” (0) to being asked if they have/had the
following health conditions: 1) fracture, 2) hypertension, 3) hyperthyroidism and 4)
hypothyroidism, 5) stroke, 6) asthma, 7) diabetes, 8) sleep apnea, 9) osteoarthritis, 10)
rheumatoid arthritis, and/or 11) gout. These conditions have been previously incorporated in the
pain and/or physical function literature (Covinsky et al., 2009; Jordan et al., 2008; Rustøen et al.,
2005); therefore, they were considered in this study. Health conditions incorporated within study
2 differed from health conditions incorporated within study 1 due to the change in pain
measurement, which excludes objective pain, and incorporates pain interference and measures of
physical function. Health conditions consisted of two composite variables. First, a sum score was
calculated for musculoskeletal-related conditions (i.e., fracture, osteoarthritis, rheumatoid
arthritis, and gout; total range 0 – 4), based upon the number of “yes” responses indicated. Due
to uneven distribution, musculoskeletal-related conditions were collapsed to the following: none
(0), 1 (1), or ≥ 2 (2). Second, a sum score was calculated for all other medical conditions (i.e.,
hypertension, stroke, asthma, diabetes, sleep apnea, and hyper- and hypothyroidism; total range 0
– 7), based upon the number of “yes” responses indicated. Due to unequal distribution this
variable, other medical conditions was collapsed to the following: none (0), 1 (1), or ≥ 2 (2)
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medical conditions. Incorporating two composite variables of health conditions aimed to
differentiate musculoskeletal conditions from other medical conditions, as each may have unique
implications on musculoskeletal pain, pain interference, and/or physical function. Height and
weight of each participant were measured by HANDLS researchers. Body mass index (BMI) was
calculated as weight (kg) divided by height (m2), and has been incorporated in similar studies
(Covinsky et al., 2009; Eggermont et al., 2009). BMI remained continuous within the analyses.
The Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) was
used to examine depressive symptomology of the sample. The CES-D is a 20-item scale that
examined depressive symptoms, mood, and affect over the past week. Participants were provided
statements, which included but were not limited to the following: “During the past week, I was
bothered by things that usually don’t bother me,” or “During the past week my sleep was
restless.” Possible responses included the following: “Rarely or none of the time (Less than 1
day)”, “Some or a Little of the Time (1-2 days)”, “Occasionally or a Moderate Amount of Time
(3-4 days)”, and “Most or All of the Time (5-7 days).” Possible scores range from 0 - 60. Higher
total scores are indicative of greater depressive symptomology. Scores on the CES-D remained
continuous and independent of health conditions. Depressive symptoms were analyzed
separately from health as it is representative of psychological health, and has been found to be
prevalent in individuals who experience pain (Patel et al., 2013).

Statistical Analyses
Only participants with valid data across all measures were included in the analyses (n =
875). Chi square tests of independence and independent samples t-tests were conducted to
explore differences in sociodemographic characteristics between those excluded (due to missing
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data) and those included within the analyses. Descriptive analyses reported sociodemographic,
health, and musculoskeletal pain and pain interference characteristics of the final sample.
Aim 1 Analyses. To examine the relationship between musculoskeletal pain, pain
interference, and global physical function in a sample of community-dwelling adults, six
physical function tasks (i.e., right-grip strength, left grip strength, times to complete 5- and 10chair stands, balance, and gait) were converted into z-scores and averaged to comprise a measure
of global physical function (see Figure 6 for the distribution of scores for global physical
function; Buchman, Boyle, Wilson, Bienias, & Bennett, 2007). Higher scores on the global
physical function variable indicated better performance across measures. Pearson correlations
were used to examine the relationship between musculoskeletal pain, pain interference, and
global physical function.
Multivariable regression analyses were utilized across four models to examine the
relationship between musculoskeletal pain and the global physical function outcome as identified
in aim 1. Model 1 adjusted for sociodemographic variables (e.g., age group, sex, race, years of
education, WRAT-III scores, and poverty status), and model 2 controlled for sociodemographic
characteristics and health-related factors (e.g., musculoskeletal conditions, other medical
conditions, BMI, and CES-D). All independent variables and covariates were centered around
the mean. Similarly, to investigate the relationship between pain interference and physical
function, these multivariable regression analyses were conducted across models 1 and 2.
Aim 2 Analyses. To examine whether the relationship between pain and physical
function is moderated by sociodemographic characteristics (e.g., age, race, sex, and measures of
SES), multivariable regression analyses were used to investigate 2- and 3-way interactions
between musculoskeletal pain and sociodemographic variables. These analyses were
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incorporated to further explore whether the relationship between musculoskeletal pain and global
physical function, and pain interference and physical function, varied by sociodemographic
characteristics. Analytical models 3 and 4 addressed aim 2. Model 3 included tests of 2-way
interactions between musculoskeletal pain and any significant sociodemographic predictors that
were identified in model 2 (e.g., musculoskeletal pain × age group, musculoskeletal pain × race,
musculoskeletal pain × sex, musculoskeletal pain × years of education, musculoskeletal pain ×
WRAT-III, and/or musculoskeletal pain × poverty status) in relation to global physical function.
Additionally, model 4 examined 3-way interactions between musculoskeletal pain and
sociodemographic characteristics, based on any significant moderating effects identified in
model 3 (e.g., musculoskeletal pain × age group × race, musculoskeletal pain × race × education,
or musculoskeletal pain × sex × poverty status).
For significant 2- and 3-way interactions, simple slopes analyses were estimated to
examine the association between musculoskeletal pain and global physical function across the
levels of the sociodemographic characteristics. These procedures were replicated to examine 2and 3-way interactions between pain interference and sociodemographic factors on global
physical function, across models 3 and 4.
Multivariable regression results are reported using standardized coefficients to facilitate
comparisons among tests with different metrics. Statistical significance was set at two-tailed, p <
.05. All statistical analyses were conducted using SAS statistical software package 9.2 (Cary,
NC).
Power Analyses
Power analyses were estimated apriori for appropriate effect size in multivariable
regression analyses using the G*Power 3.1.1 statistical software package (Faul et al., 2007). For
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multivariable regression, considering a two-tailed test at 80% power, with a medium effect size
(0.2; Cohen, 1992), p-value set at < .05, with 10 predictors, the recommended sample size is 42.
The current study incorporated a sample size of 875 participants, which satisfied the amount of
participants necessary to detect significant findings.

Results of Study Two
As indicated in Figure 6, of the 2,361 participants, 875 possessed valid data across all
sociodemographic, health, pain, and physical function measures. Participants who were excluded
from the study’s analyses (n = 1,468) were compared to those who were included to identify any
significant differences between the two groups in sociodemographic characteristics.
Chi square tests of independence for categorical variables and independent samples ttests for non-categorical variables were conducted to examine differences in sociodemographic
characteristics (i.e., age group, sex, race, years of education, WRAT-III scores, and poverty
status) between those excluded and those included from analyses. Significant differences were
identified between excluded and included participants in age group, χ2 (2) = 13.33, p = .001, sex,
χ2 (1) = 7.74, p = .005, poverty status, χ2 (1) = 4.23, p = .039, and years of education t(2263) = 3.03, p = .003. Specifically, excluded individuals were more likely to be younger (age group =
30-39; 25.2%), male (47.0%), below poverty status (47.2%), and reported significantly less years
of education (M = 11.82, SD = 2.78) than those who were included. There were no significant
differences observed between those excluded and included on race, χ2 (1) = 2.89, p = .089 or
WRAT-III scores, t(1731) = -0.61, p = .544.
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Participant Characteristics of the Final Sample
Sociodemographic and Health Characteristics of the Final Sample. The final sample
(n = 875) was predominately middle-aged (M = 48.50, SD = 8.90), female, Black, indicated an
average of high school education, obtained an approximate WRAT-III score of 42, and were
considered above poverty status (57.1%; see Table 11 for sociodemographic, health, and pain
characteristics of the final sample). Participants reported the following musculoskeletal-related
conditions: fracture (26.2%, n = 229), osteoarthritis (19.7%, n = 172), rheumatoid arthritis (4.6%,
n = 40), and gout (3.1%, n = 27). Approximately 37.3% of the sample reported at least one
musculoskeletal-related condition (n = 326), whereas 8.0% reported two or more
musculoskeletal-related conditions (n = 70). Additionally, other medical conditions were
identified within the sample: hypertension (40.5%, n = 354), diabetes (15.7%, n = 137), heart
murmur (10.5%, n = 92), hypothyroidism (5.5%, n = 48), sleep apnea (3.5%, n = 31),
hyperthyroidism (2.3%, n = 20), and stroke (2.1%, n = 18). Approximately 32.2% reported at
least one medical condition (n = 282), whereas 16.8% of the sample (n = 147) experienced at
least two or more types of other medical conditions The average scores on the CES-D for this
sample were consistent with depressive symptoms (≥ 16; Long Foley et al., 2002; Smarr &
Keefer, 2011). The overall BMI of the current sample was approximately 30, which is consistent
with the cut-off for obesity (BMI of ≥ 30; World Health Organization, 2000).
Musculoskeletal Pain and Pain Interference Characteristics in the Final Sample.
Approximately 35.7% of the sample reported one musculoskeletal pain site (n = 312) and nearly
23.5% indicated two or more musculoskeletal pain sites (n = 206). Pearson and spearman
correlations were conducted to identify significant relationships between sociodemographic and
health characteristics and musculoskeletal pain. Musculoskeletal pain was significantly
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associated with the following characteristics: age group (p <.001), sex (p = .010), and other
medical conditions (p <.001; Table 12). These findings suggest that participants who were older
in age, female, and reported a greater number of medical conditions indicated more
musculoskeletal pain. There were no significant relationships identified between musculoskeletal
pain and the following characteristics: race (p =.406), years of education (p =.535), WRAT-III
scores (p =.446), poverty status (p =.473), musculoskeletal-related conditions (p =.786), CES-D
scores (p =.962), or BMI (p =.662).
Furthermore, results indicated that nearly 30% of the final sample reported moderate –
extreme pain interference. Pearson and spearman correlations were conducted to examine the
relationships between sociodemographic and health characteristics and pain interference. Pain
interference was significantly correlated with the following characteristics: age group, years of
education, poverty status, and other medical conditions (ps <.001; see Table 12). These findings
suggest that participants, who were older in age, reported lower levels of education, were below
poverty status, and indicated a higher number of medical conditions tended to report moderatesevere pain interference. There were no significant findings observed between pain interference
and the following: race (p = .382), sex (p = .151), WRAT-III scores (p = .154), musculoskeletalrelated conditions (p = .558), CES-D scores (p = .762), and BMI (p = .961).
Spearman correlations also indicated that musculoskeletal pain was weakly-moderately
correlated with pain interference (p <.001; Table 12). These results indicate that individuals with
more musculoskeletal pain tended to report moderate-extreme pain interference.
Global Physical Function Characteristics of the Final Sample. Overall global physical
function was evenly distributed across the sample with higher scores indicative of better overall
physical function (Figure 7). Pearson correlations were conducted to examine the relationships
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between sociodemographic and health characteristics and global physical function (see Table
12). Significant relationships were identified between age group (p = .009) and other medical
conditions (p = .026), which indicated that those who were older in age and those who reported
comorbid medical conditions tended to demonstrate poorer global physical function. There were
no significant relationships between global physical function and the following
sociodemographic and health characteristics: sex (p = .142), race (p = .641), years of education
(p = .600), WRAT-III scores (p = .190), musculoskeletal-related conditions (p = .122), CES-D
scores (p = .714), or BMI (p = .688).

Study 2 - Aims 1 and 2 Results
Relationships between Musculoskeletal Pain and Physical Function (Aim 1). Pearson
correlations were conducted to explore the bivariate relationships between musculoskeletal pain
and global physical function. Findings indicated that musculoskeletal pain was significantly
correlated with global physical function (p = .003; see Table 12 for correlation coefficients),
which suggests that individuals who reported more musculoskeletal pain demonstrated poorer
global physical function.
Multivariable regression analyses were conducted to examine the relationship between
musculoskeletal pain and global physical function. Significant main effects were identified for
musculoskeletal pain and global physical function after adjusting for all sociodemographic (p =
.021; Model 1) and health characteristics (p = .031; Model 2; see Table 13 for standardized
coefficients for all models). These findings indicated that musculoskeletal pain was significantly
associated with poorer physical function, even after accounting for all sociodemographic and
health factors.
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Interactions between Musculoskeletal Pain and Sociodemographic Characteristics
on Global Physical Function (Aim 2). Two-way interactions were conducted as follow-up
analyses between musculoskeletal pain and significant predictors (i.e., age group and poverty
status) after adjusting for all sociodemographic and health characteristics in model 2. Because
the model fit did not improve between models 1 and 2, model 1 was utilized to explore 2-way
interactions between musculoskeletal pain and significant sociodemographic predictors. A
significant two-way interaction was observed between musculoskeletal pain and age group (p =
.040). Estimated simple slopes suggested that more musculoskeletal pain was significantly
associated with worse physical functioning for middle-aged (β = -0.04, p = .041) and older adults
(β = -0.05, p = .027; Model 3; Figure 8). Simple slopes did not reach statistical significance for
younger adults within these analyses (β = -0.04, p = .064). There were no significant two-way
interactions observed between musculoskeletal pain and poverty status on physical function (p =
.983).
Because of the significant interaction between musculoskeletal pain and age group,
follow-up analyses were conducted to explore any 3-way interactions between musculoskeletal
pain, age group, and other sociodemographic characteristics. Findings indicated that there were
no significant 3-way interactions observed between the following: musculoskeletal pain × age
group × race (β = 0.04, p = .343), musculoskeletal pain × age group × sex (β = -0.03, p = .409),
musculoskeletal pain × age group × education (β = -0.04, p = .280), musculoskeletal pain × age
group × WRAT-III (β = 0.06, p = .151), musculoskeletal pain × age group × poverty status (β =
0.00, p = .935; Model 4).
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Relationships between Pain Interference and Physical Function (Aim 1). Pearson
correlations were conducted to investigate the relationship between pain interference and global
physical function. Results indicated that pain interference was significantly associated with
global physical function (p = .014; see Table 12 for correlation coefficients), which suggests that
individuals who indicated moderate-extreme pain interference also demonstrated poorer global
physical function.
Multivariable regression analyses were conducted to examine the relationship between
pain interference and global physical function. Significant main effects were identified for pain
interference and global physical function after adjusting for sociodemographic characteristics (p
= .024; Model 1; See Table 14). This relationship remained significant after accounting for all
sociodemographic and health characteristics (p = .042; Model 2). These findings suggested that
moderate-severe pain interference was significantly associated with poorer global physical
function.
Interactions between Pain Interference and Sociodemographic Characteristics on
Physical Function (Aim 2). Two-way interactions were conducted as follow-up analyses
between pain interference and significant predictors (i.e., age group and poverty status) after
adjusting for all sociodemographic and health characteristics in model 2. Because the model fit
did not improve between models 1 and 2, model 1 was utilized to explore 2- and 3-way
interactions across pain interference and sociodemographic characteristics. A significant 2-way
interaction was observed between pain interference and age group on global physical function (p
= .024; Model 3; see Table 14). The estimated simple slopes indicated that moderate-extreme
pain interference was significantly associated with poorer global physical function, particularly
for older adults (β = -0.08, p = .043; see Figure 9). Simple slopes were not significant for
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younger- (β = -0.06, p = .112) or middle-aged adults within these analyses (β = -0.07, p = .069).
There was no significant association identified between pain interference and poverty status on
global physical function (p = .811).
Because of the significant interaction between musculoskeletal pain and age group, 3way interactions were conducted between pain interference, age group and other
sociodemographic characteristics. Findings indicated that there were no significant 3-way
interactions observed between the following: pain interference × age group × race (β = 0.03, p =
.432), pain interference × age group × sex (β = -0.03, p = .329), pain interference × age group ×
education (β = 0.01, p = .879), pain interference × age group × WRAT-III (β = 0.01, p = .762),
pain interference × age group × poverty status (β = 0.20, p = .583; Model 4).

Discussion - Study 2
The purpose of this study was to examine the relationship between musculoskeletal pain
and pain interference, and physical function across an urban population of community dwelling,
middle-aged Whites and Blacks. Furthermore, we strived to identify whether the relationships
between musculoskeletal pain, pain interference, and physical function were moderated by
sociodemographic characteristics (e.g., age, race, sex, and across measures of SES). We
hypothesized that musculoskeletal pain and pain interference would be significantly associated
with poorer physical function. Additionally, we hypothesized that those who are Black or of
lower SES (e.g., lower levels of education, poor reading literacy, or below poverty status) would
demonstrate worse physical functioning, particularly if they identified musculoskeletal pain or
pain interference. Primary findings indicated that individuals who reported more musculoskeletal
pain as well as pain interference demonstrated significantly worse physical function, which
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varied by age of the participants. These findings partially supported the hypotheses across both
aims.

Relationships between Musculoskeletal Pain and Physical Function
Approximately 59% of individuals with valid data indicated one or more pain sites,
which is consistent with large epidemiological studies that have identified pain prevalence rates
ranging from 14-64% across the United States (Hardt et al., 2008; Johannes et al., 2010;
Portenoy et al., 2004; Watkins, Wollan, Melton, & Yawn, 2008). Musculoskeletal pain was
particularly evident amongst individuals who were older in age, female, as well as those who
reported non-musculoskeletal health conditions, which is also consistent with the existing
literature (Johannes et al., 2010). Surprisingly though, musculoskeletal pain within this study was
not significantly associated with musculoskeletal-related conditions (i.e., osteoarthritis or
rheumatoid arthritis, gout, or fracture), which may be explained by a predominately younger- and
middle-aged sample who have not yet developed musculoskeletal-related conditions (e.g.,
osteoarthritis or gout). As a result, this lack of relationship suggests that musculoskeletal pain
may be a product of sociodemographic and/or psychosocial factors that are independent of
musculoskeletal pathology (Haldeman, 1990). Another possible explanation for the lack of
relationship between musculoskeletal-related conditions and musculoskeletal pain may be the
result of racial and socioeconomic disparities in health. Specifically, African Americans/Blacks
as well as individuals of lower socioeconomic status may experience poorer access to quality
care (Nelson, Stith, & Smedley, 2002), and experience lack of insurance coverage and/or
expensive diagnostic testing (e.g., magnetic resonance imaging; Gusmano, Fairbrother, & Park,
2002), which could inhibit potential for diagnoses of these conditions. However, more research is
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needed to further our understanding of potential factors associated with musculoskeletal pain
earlier in the life course.
Within the current study, we identified that musculoskeletal pain was significantly
associated with physical function, after accounting for sociodemographic and health
characteristics. Particularly, we identified that these relationships were observable as early as
middle age. Much of the literature to date that has explored the relationships between pain and
physical function have done so within older populations (Eggermont et al., 2009; Hicks et al.,
2005; Patel et al., 2013; Weiner et al., 2003). Among older adults, musculoskeletal pain was
previously associated with greater self-reported difficulties with physical function (e.g.,
difficulty walking a quarter of a mile; Eggermont et al., 2009; Lichtenstein, Dhanda, Cornell,
Escalante, & Hazuda, 1998). Furthermore, older adults who reported chronic pain were also
more likely than their younger counterparts to perform more poorly on objective measures of
strength (Eggermont et al., 2009; Patel et al., 2013), balance (Lihavainen et al., 2010), and gait
(Eggermont et al., 2009; Leveille et al., 2007). These findings suggest that pain is a significant
indicator of poorer physical outcomes than age alone.
Although the research is less prevalent in younger and middle-aged groups, some studies
have concluded that these individuals are considered a high-risk group for chronic pain (Rustøen
et al., 2005), and are reporting similar levels of functional limitations that are typically identified
among older age groups (Covinsky et al., 2009). However, much of the research that has
examined these relationships earlier in the life course have done so using self-reported measures
of functional limitations and/or disability (Iezzoni, McCarthy, Davis, & Siebens, 2001; Melzer et
al., 2005; Mottram et al., 2008; Peat et al., 2006), which may not correlate well with objective
measures of physical function (Gitlin, 2006). Subsequently, many objective measures currently
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used to assess physical function are designed for older populations, in which functional deficits
may be more easily detectable. However, when these objective physical function measures are
applied to examine physical performance among younger, and/or potentially higher functioning
samples, ceiling effects may be observed (Guralnik, Seeman, Tinetti, Nevitt, & Berkman, 1994;
Simonsick et al., 2001). As a result, existing measures may not be sensitive enough to detect
early deficits in physical function (Gitlin, 2006). The findings of the current study expand upon
the existing literature by incorporating sensitive measures of physical function in efforts to
comprise a global physical function score. Additionally, this study was successful in identifying
that greater levels of musculoskeletal pain are significantly associated with poorer performance
on objective measures of physical function, particularly amongst middle-aged and older
individuals within the sample.
The findings from this study may best be explained by The Motor Adaptation to Pain
Theory (MAP Theory; Hodges & Tucker, 2011). The underlying premise of the MAP theory
posits that pain alters physiological function. Specifically, the MAP theory describes micro(neural mechanisms) and macro-level (muscle behavior) physiological modifications that are
initiated to reduce levels of pain, thereby providing short-term relief from pain (e.g., reduced
muscular activation, weight distribution, or changes in load; Hodges & Smeets, 2015). However,
these physiological modifications have immediate and potentially continuous implications on the
nervous system that can influence the quality of movement if pain is not alleviated and proper
movement not restored. Particularly, the theory hypothesizes that failure to remediate pain and
restore appropriate physiological function may have long-term implications for individuals as
they advance into older age (e.g., poor mobility; Hodges, 2011; Hodges, Ervilha, & GravenNielsen, 2008). If pain remains untreated, it is possible that these physiological modifications
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(e.g., reduced muscular activation or redistributed loading patterns) can translate to deficits in
physical function and performance. For those who are younger in age, these deficits associated
with pain may be fully compensated, and therefore may be more difficult to detect using
objective performance measures; however, if unresolved the deficits may become more
pronounced over time as the individual’s ability to compensate is significantly reduced with age
(Ferrucci et al., 2016). Thereby, interventions (e.g., physical therapy, exercise-based
programming, and/or cognitive behavioral therapies) implemented to reduce pain and restore
proper posture and movement may be critical earlier in the life course, in efforts to preserve
physical function over time. Because of the cross-sectional nature of this study, we were unable
to identify whether individuals who report musculoskeletal pain earlier in the life course
demonstrate greater declines in physical function over time, above and beyond the effects of agerelated changes. As a result, more longitudinal research is needed to further our understanding of
these relationships.
Moreover, this study is unique due to the inclusion of a racially and socioeconomically
diverse sample who are typically under-represented in the current literature, in efforts to
understand the relationships between musculoskeletal pain and physical function. Previous
research has identified that minority groups (e.g., African Americans/Blacks) tend to present
with more predictors for pain (e.g., lower SES; Portenoy et al., 2004; Smith et al., 2001).
Additionally, females, non-Whites, those below poverty level, as well as those with lower levels
of education have demonstrated poorer physical function (Berkman et al., 1993), particularly if
pain was present (Hicks et al., 2005; Leveille et al., 2002; Leveille et al., 2007). Based on the
previous findings in the literature, we aimed to not only incorporate a racially and
socioeconomically diverse sample of adults, but we also strived to disentangle the complex
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relationships previously observed between race and SES in relation to the experience of pain and
its association with physical function.
Particularly, this study examined whether sociodemographic characteristics moderate the
relationship between musculoskeletal pain and physical functions. Within the fully adjusted
model (Model 2) of the multivariable regression analyses, both age group and poverty status
were also identified as unique predictors of physical function. However, only age group
significantly moderated the relationship between musculoskeletal pain and physical function.
While we hypothesized that there would be unique and complex interactions between race and
SES, these were not evidenced within this study. The lack of interactions between race and SES
may be attributed to the inclusion of individuals with complete and valid data. As noted
previously, individuals who were excluded from the final sample were more likely to be below
poverty status and indicate significantly less years of education. Thus, the final sample may be
biased towards individuals of higher SES. While it has been suggested that multiple imputation
for missing data within diverse populations or individuals of lower SES may also be subject to
bias (Shavers, 2007), future research should explore opportunities for multiple imputation to
better understand whether these complex relationships between race and SES exist within this
sample.

Relationships between Pain Interference and Physical Function
In addition to our findings with musculoskeletal pain and physical function, we also
investigated the relationship between pain interference and physical function. We observed that
29% of the participants reported pain interference, which is also consistent with prevalence rates
ranging from approximately 27-39% in other studies (Blyth et al., 2001; Scudds & Østbye, 2001;
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Thomas et al., 2004). Furthermore, moderate-extreme pain interference was predominately
identified among those of older age, lower levels of education, individuals below poverty status,
those who reported non-musculoskeletal-related conditions, as well as individuals who indicated
greater levels of musculoskeletal pain.
Previous research that has incorporated pain interference from the SF-12, has observed
similar findings pertaining to older age (Thomas et al., 2004), comorbidities, and lower levels of
income demonstrating greater levels of pain interference (Scudds & Østbye, 2001). Additionally,
higher number of pain sites have also been previously identified as a correlate of pain
interference (Blyth et al., 2001). However, it is important to note that existing prevalence rates of
pain interference using the SF-12 are primarily identified using middle-aged to older samples (50
years of age and older). Findings from these studies vary with regard to the influence of age on
pain interference. While some research has indicated that pain interference increases linearly
with age, particularly affecting older age groups (Scudds & Østbye, 2001; Thomas et al., 2004),
others have demonstrated high prevalence of pain interference in younger age groups (aged 2024) who reported chronic pain (Blyth et al., 2001). While the discrepancies between the findings
across studies may lie in differences between pain interference measures, further investigation is
needed to understand whether pain interference is largely a function of age, whether it may be a
function of pain severity, or both.
Moreover, this is one of the first studies, to our knowledge, that has examined pain
interference using the SF-12 in relation to physical function amongst a racially and
socioeconomically diverse group of adults ranging in age from 30-64. The findings indicated that
after accounting for sociodemographic and health characteristics of the sample, moderateextreme pain interference was associated with poorer physical function. This relationship was

106

particularly evident amongst older individuals and supports earlier research that suggested that
pain interference increases with age.
Specifically, Ferrucci and colleagues (2016) indicated that individuals in younger- to
middle-adulthood who experience pain may be capable of fully compensating for changes in
physical function. As a result, this compensation may mask physiological deficits (e.g., reduced
strength) experienced earlier in the life course. However, with greater age comes a reduced
ability to compensate, which makes physical deficits more obvious and thereby easier to detect
using objective measures of physical function. These hypotheses by Ferrucci and colleagues
(2016) may explain why the relationships between pain interference and physical function are
observed in older adulthood and not earlier in the life course. It is possible that individuals who
are younger in age do not experience pain that interferes with normal work as they have an
increased ability to compensate. However, over time as the ability to compensate decreases,
individuals may become more cognizant of the impact of pain and the extent to which pain
interferes with their daily lives. This may explain why the relationships between musculoskeletal
pain and physical function encompassed those in middle age, whereas the associations between
pain interference and physical function were primarily evidenced among older age groups. While
this dissertation was only able to identify cross-sectional relationships, more research is needed
that examines at what point in the life course pain begins to interfere with normal work and
activity, and how pain interference may translate to, or be associated with, physical declines with
age. As a result, further research that examines these relationships longitudinally is warranted.
Additionally, while poverty status was also identified as a unique predictor of physical
function within the multivariable regression analyses, there was no significant interactions
observed between pain interference and poverty status on physical function. These findings were

107

particularly surprising as past literature has described social disadvantage as a unique predictor
of both pain interference (Blyth et al., 2001) and poorer physical function (Kuh et al., 2005).
Hence, it was hypothesized that poverty status might moderate this relationship. However,
similar to the explanations posed for musculoskeletal pain, the lack of findings may be a result of
incorporating only those with complete data. However, more research is needed to understand
these relationships.

Strengths of the Study
The uniqueness of this study lies in the performance measures that comprise a global
physical function score. This study is one of the first to examine the relationships between
musculoskeletal pain and pain interference across objective measures of physical function using
a sample with a high proportion of adults often under-represented in the literature (e.g., Blacks
and/or lower SES adults; Evans et al., 2010). The objective measures included also account for
potentially higher functionality across a younger sample who possess greater compensatory
abilities, thereby increasing sensitivity and reducing the potential for ceiling effects (Ferrucci et
al., 2016; Tomey & Sowers, 2009).
Additionally, this study expands the body of knowledge regarding the relationships
between pain and physical function evidenced earlier in the life course. As previously
mentioned, much of the literature to date examined older populations, despite evidence that
individuals are experiencing pain and deficits in physical function earlier in the life course.
While we were not able to explore the longitudinal relationships due to the cross-sectional nature
of the data, we were able to demonstrate that physical deficits may be evidenced in sensitive
physical performance measures, particularly amongst individuals who report musculoskeletal
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pain and pain interference. Moreover, of the studies that have examined these relationships
earlier in the life course, many have not thoroughly explored the potential interactions between
sociodemographic characteristics and pain across a racially and socioeconomically diverse group
of adults.

Limitations of the Study
The current study is not without limitations. While HANDLS is a longitudinal study, the
data analyzed is cross-sectional. To continue to understand the extent of these relationships
between pain and physical function, longitudinal evaluation is necessary. Longitudinal
evaluation would not only further or our understanding, but it may also highlight possible
functional declines exhibited amongst those who demonstrate pain.
Missing data was also a limitation identified within the study. While those with only
complete data were incorporated in efforts to minimize bias from imputation (Shavers, 2007), it
is possible that incorporating only those with complete data produced similar biases. More
research is needed to further explore acceptable approaches to missing data among racially and
socioeconomically diverse samples, such as HANDLS.
Furthermore, another significant limitation within this study is the physical function
measure. There was minimal variation in the balance and gait variables, which may have led to
ceiling effects, thereby positively skewing standard scores to represent higher levels of physical
function within the sample. Despite the greater attempts to increase the sensitivity of the measure
(i.e., longer time to hold semi-tandem and tandem stands), individuals may not be experiencing
significant deficits in balance and gait due to younger age and greater ability to compensate.
Particularly, Ferrucci and colleagues (2016), proposed a hierarchical structure of physical
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function, with mobility being the “hallmark” or apex of physical performance. Because strength
is essential for the maintenance of balance (Fukagawa, Wolfson, Judge, Whipple, & King, 1995),
and strength and balance are essential for fluid mobility (Bean et al., 2003), it is possible that
deficits in strength may be evidenced earlier in the life course and eventually proceed to deficits
in balance as individual compensation declines over time. These declines over time may be
greater amongst individuals who report pain. Depending upon individual functional reserve and
compensation, deficits in balance may be preserved, or compensated for, earlier in the life course
and become progressively worse with age. Future studies should explore these hypotheses
through longitudinal investigations. Moreover, these future studies should consider using more
sensitive measures of balance (e.g., the single leg stand), as well as an objective measure of gait
(e.g., timed walk). This study did not include a timed walk-test, which is commonly used as an
indicator of gait, due to limited testing space. As a result, observed gait abnormalities were used
as a proxy for mobility impairments, which may not provide a full understanding of the extent to
which deficits in gait may be evidenced.
Lastly, the measure of musculoskeletal pain does not provide an indication of the level of
frequency, intensity, or duration of the pain. Future studies should incorporate the frequency of
pain as well as the intensity to understand differences in levels of pain and the impact on
physical function. Additionally, duration is also important in efforts to distinguish acute from
chronic pain in relation to deficits in physical function.

Conclusion
In conclusion, musculoskeletal pain, and pain interference, were significantly associated
with physical function. These relationships varied by age group of the sample. Greater
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consideration should be given to understanding musculoskeletal pain and its relationship to
physical function earlier in the life course. Acknowledging the unique circumstances of the
individual, in addition to their functional abilities within the clinical setting, will enhance
existing treatments and may elicit the development of new interventional approaches.
Implications of this research are discussed in detail within the general conclusions section.
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Figure 6. Flow chart of participants with missing data for Study 2. The final sample included 875
participants with valid data across musculoskeletal pain, sociodemographic, health, and physical
function data. Note: Musculoskeletal pain data included responses to self-reported pain questions
related to experience of pain in the hand/s, neck, low back, joint/s, and/or muscle/s.
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Table 10. Balance Measures and Scoring
Measure

Side-by-Side Stand

Semi-Tandem Stand

Tandem Stand

Task

Time

Stand with feet together

Stand with the side of
the heel of one foot
touching large toe of the
other foot

Stand heel-to-toe with
feet together

10 seconds

30 seconds

30 seconds

Scoring

0 = < 9.9 seconds
or unable
1 = 10 seconds
0 = unable
1 = 1-9.9 seconds
2 = 10-19.9 seconds
3 = 20-29.9 seconds
4 = 30 seconds
0 = unable
1 = 1-9.9 seconds
2 = 10-19.9 seconds
3 = 20-29.9 seconds
4 = 30 seconds

Note: Participants were coded based on the length of time in which they were able to maintain
their balance. A sum score was calculated for the side-by-side (1=pass/0=fail), semi-tandem, and
tandem stands (possible range=0-9; higher score = better; Eggermont et al., 2009; Guralnik,
Simonsick, et al., 1994; Lang et al., 2007).
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Figure 7. Distribution of standardized global physical function. This figure incorporates the
distribution for all participants (n = 875) on a composite measure of global physical function,
which includes the following physical function measures: right- and left grip strength, time to
complete 5- and 10-chair stands, balance, and gait abnormalities.
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Table 11. Sociodemographic, Health, and Pain Characteristics of the Final Sample
Measures

n (%)

Range

Mean

SD

30 – 39

166 (18.97)

-

-

-

40 – 54

447 (51.09)

55+

262 (29.94)

Sociodemographic Characteristics
Age Groups (years)

Sex (female)

515 (58.86)

-

-

-

Race (Black)

453 (51.77)

-

-

-

-

1 - 21

12.19

2.91

375 (42.86)

-

-

-

-

11 - 57

41.88

8.05

396 (45.21)

-

-

-

486 (55.48)

-

-

-

-

0 - 59

16.55

11.89

Body Mass Index (kg/m )

-

15.82 - 57.94

29.95

7.72

Musculoskeletal Pain (1+ pain sites)

518 (59.20)

-

-

-

Pain Interference (moderate-extreme)

259 (29.60)

-

-

-

Education
Poverty Status (below poverty status)
WRAT-III (score)
Health Characteristics
Musculoskeletal-related Health
Conditions (≥1)
Other Health Conditions (≥1)
CES-D (score)
2

Note: WRAT-III = Wide-Range Achievement Test (3rd Edition); CES-D = Centers for
Epidemiological Studies Depression Scale; SD = Standard Deviation.
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Table 12. Correlation Coefficients between Sociodemographic, Health, Pain Variables, and
Physical Function
1
1. Age Group

2

3

4

5

6

7

8

9

10

11

12

13

-

2. Sex

-0.01

-

3. Race

0.03

0.01

-

4. Education

-0.02

0.04

-0.00

5. WRAT-III

-0.09*

0.05

-0.22*** 0.44***

6. Poverty Status

0.04

-0.01

-0.21*** 0.25*** 0.25***

7. Musculoskeletal Conditions

0.02

-0.14*** -0.07*

8. Other Health Conditions

0.36*** 0.06

9. CES-D

-0.04

10. BMI
11. Musculoskeletal Pain

-0.03

-

-0.05

-0.04

-0.08*

0.08*

-0.04

-0.02

-0.04

0.01

-

-0.03

0.03

-0.02

-0.07*

-0.06

0.04

-0.04

-

-0.05

-0.04

-0.02

-0.03

0.07*

0.12*** -0.00

-0.03

-

0.15*** 0.09**

-0.03

0.02

0.03

-0.03

0.01

0.16*** -0.00

0.02

-

12. Pain Interference

0.17*** 0.05

0.03

-0.11*** -0.05

-0.12*** 0.02

0.25*** 0.01

0.00

0.28***

13. Global Physical Function a

-0.09**

0.02

-0.02

0.06

-0.08*

-0.01

-0.10**

-0.05

-0.04

-

0.01

-0.01

-0.10**

-

Notes: WRAT-III = Wide Range Achievement Test (Third Edition); CES-D = Centers for
Epidemiological Studies Depression Scale; BMI = Body Mass Index. *p < .05; **p < .01; ***p
< .001.
a

Global Physical Function comprised the average of the z-scores of the six physical function

tasks (i.e., right-grip strength, left-grip strength, times to complete 5- and 10-chair stands,
balance, and gait).
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Table 13. Multivariable Regression Models to Examine the Relationship between
Musculoskeletal Pain and Physical Function

Global Physical Function
Covariates

Model 1

Model 2

Model 3

Unstandardized
Beta (SE)



Unstandardized
Beta (SE)



Unstandardized
Beta (SE)



Musculoskeletal Pain

-0.04 (0.02)*

-0.08

-0.04 (0.02)*

-0.07

-0.04 (0.02)*

-0.07

Age Group

-0.05 (0.02)*

-0.09

-0.05 (0.02)*

-0.08

-0.06 (0.02)*

-0.09

Poverty Status

0.07 (0.03)*

0.08

0.08 (0.03)*

0.09

0.07 (0.03)*

0.08

Musculoskeletal Pain ×
Age Group

-0.00 (0.00)*

-0.07

Musculoskeletal Pain ×
Poverty Status

0.00 (0.04)

0.00

Total Adjusted R2

0.02

Adjusted R2 Change

0.02

0.02

0.00

0.00

Note: SE = Standard Error.  = Standardized beta. *p<.05, **p<.01, ***p<.001.
a

Model 1 adjusts for sociodemographic characteristics (i.e., age, sex, race, years of education,

WRAT-III total score, and poverty status).
b

Model 2 adjusts for sociodemographic characteristics and health characteristics (i.e.,

musculoskeletal-related medical conditions, other medical conditions, depressive symptoms, and
body mass index).
c

Model 3 adjusts for all sociodemographic characteristics and includes 2-way interactions

between musculoskeletal pain and significant covariates from Model 2 (i.e., age group and
poverty status).
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Figure 8. Two-way interaction between musculoskeletal pain and age group in relation to global
physical function. Note: Simple slopes estimated that musculoskeletal pain was significantly
associated with poorer physical function across middle-aged adults (40-54 years of age) and
older adults (aged 55+).
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Table 14. Multivariable Regression Models to Examine the Relationship between Pain
Interference and Physical Function
Global Physical Function
Covariates

Model 1

Model 2

Model 3

Unstandardized
Beta (SE)



Unstandardized
Beta (SE)



Unstandardized
Beta (SE)



Pain Interference

-0.08 (0.03)*

-0.08

-0.07 (0.03)*

-0.07

-0.06 (0.03)

-0.06

Age Group

-0.05 (0.02)*

-0.08

-0.05 (0.02)*

-0.08

-0.06 (0.02)**

-0.09

Poverty Status

0.07 (0.03)*

0.08

0.08 (0.03)*

0.08

0.07 (0.03)*

0.07

Pain Interference × Age
Group

-0.01 (0.00)*

-0.08

Pain Interference ×
Poverty Status

0.02 (0.07)

0.01

Total Adjusted R2

0.02

Adjusted R2 Change

0.02

0.02

0.00

0.00

Note:  = Standardized beta. SE = Standard Error. *p<.05, **p<.01, ***p<.001.
a

Model 1 adjusts for sociodemographic characteristics (i.e., age, sex, race, years of education,

WRAT-III total score, and poverty status).
b

Model 2 adjusts for sociodemographic characteristics and health characteristics (i.e.,

musculoskeletal-related medical conditions, other medical conditions, depressive symptoms, and
body mass index).
c

Model 3 adjusts for sociodemographic characteristics and includes 2-way interactions between

pain interference and significant covariates from Model 2 (i.e., age group and poverty status).
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Figure 9. Two-way interaction between pain interference and age group in relation to global
physical function. Note: Simple slopes estimated that pain interference was significantly
associated with poorer physical function, particularly amongst older adults (aged 55+) within the
sample.
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CHAPTER FIVE:
GENERAL DISCUSSION AND IMPLICATIONS
Nearly 100 million people in the United States are reporting chronic pain (Institute of
Medicine, 2011), and approximately $560-635 billion is spent on direct (e.g., medical bills and
diagnostic testing) and indirect costs (e.g., missed work time) associated with pain (Interagency
Pain Research Coordinating Committee, 2015). While we continue to expand upon our
understanding of the pain experience, as well as the short- and long-term implications of pain,
we are just beginning to scratch the surface. The overarching goal of the studies conducted in
this dissertation were to further our understanding of the sociodemographic, health, and
psychosocial factors that may be unique predictors of musculoskeletal pain and to expand the
body of knowledge regarding the associations between musculoskeletal pain, pain interference,
and physical function earlier in the life course. Much of research that examined these
relationships have done so among older populations; however, this dissertation aimed to
highlight the pain experience amongst a racially and socioeconomically diverse group of adults
earlier in the life course.

Preliminary Support for the Proposed Conceptual Model
Particularly, the research conducted offered preliminary support to the proposed
conceptual model based upon the MAP Theory (Figures 1 and 2; Hodges & Tucker, 2011). The
conceptual model developed for this dissertation proposed that musculoskeletal pain, whether it
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is psychosomatic or pathological in nature, may have neuromuscular implications that alter
physical function, with deficits evidenced as early as younger- to middle-age. These deficits are
greater than what is typically observed with normal age-related changes and declines. With time,
the individual continues to compensate for these deficits resulting from pain through
physiological modifications until functional reserves are exhausted and compensation is no
longer possible (Ferrucci et al., 2016). As a result, the long-term consequences, as originally
identified by the MAP theory, may encompass losses pertaining to physical performance (e.g.,
strength and balance), poor mobility, and falls with advancing age. The conceptual model aimed
to expand upon the MAP theory in efforts to highlight these long-term consequences, to which
the individual may be particularly susceptible if pain remains untreated and physical deficits
uncorrected. While we were unable to examine these relationships longitudinally within this
dissertation, the two cross-sectional studies conducted offered preliminary support to specific
pathways within the proposed conceptual model.
Specifically, the two cross-sectional studies identified pain prevalence rates ranging from
55-59%, which lent support to the first pathway of the conceptual model that states pain is
observed earlier in the life course. In the first study we were not only able to identify the pain
prevalence across a racially and socioeconomically diverse group of adults ranging in age from
30-64, but also strived to enhance our understanding of pain reporting and inconsistencies
between findings of routine subjective (self-reported pain) and objective pain measurements
(passive range of motion during a clinical examination). While further research is needed to
understand differences in pain expression between age groups, we identified that inconsistency
between subjective and objective pain measurements may be particularly evident in the neck and
low back amongst those who report a history of depressive symptoms. These relationships were
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further moderated by sociodemographic and psychosocial characteristics lending additional
support to this biopsychosocial approach. Hodges and Smeets (2015) posit that unique
sociodemographic, health, and psychosocial factors influence the development or exacerbation of
pain, and further interact with biological processes to affect neuromuscular and overall
physiological functions.
While we were unable to identify or prove the extent to which the pain experienced
within this sample led to neuromuscular changes, we did observe significant relationships
between greater pain, and pain interference and deficits in physical function. Previous studies
that have explored these relationships have primarily done so within older populations
(Eggermont et al., 2009; Hicks et al., 2005; Patel et al., 2013); however, this study indicated that
these relationships are evidenced as early as middle age. Specifically, individuals with greater
number of pain sites were more likely to perform more poorly on a global measure of physical
function. This relationship was particularly evident among individuals in middle- and older age;
however, was trending toward significance for younger age groups as well. This unique finding
suggests that sensitive performance measures may be used to detect subtle changes in physical
capabilities amongst those who report pain earlier in the life course. Specifically, this sensitive
performance measure may be implemented in clinical settings to detect the presence and extent
of pain and the possible implications of pain on physical function, despite age.
Furthermore, we observed that moderate to extreme pain interference was significantly
associated with global physical function, particularly for older adults within the sample. This
finding supports the conceptual model that pain may not interfere with normal work and social
activities until older adulthood, and is consistent with other studies who have indicated that pain
interference is particularly prevalent in older age and increases linearly with age (Scudds &
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Østbye, 2001; Thomas et al., 2004). Specifically, the point at which pain interferes with normal
work may also depend on individual compensation and functional reserve and is unique to each
individual. While we were able to identify these unique relationships between pain interference
and physical function, longitudinal research is needed to understand at what point an individual
begins to experience pain interference, and to what extent pain interference might reflect in, or
potentially lead to, physical deficits. Furthermore, while these studies considered age within
younger, middle-aged, and older groups for comparison, incorporating age within groupings
across both studies may have resulted in a loss of power and impeded the ability to detect
significant relationships between musculoskeletal pain, pain interference and physical function
(Royston, Altman, & Sauerbrei, 2006). As a result, further research should analyze these
relationships with age as a continuous variable, in efforts to better understand the onset of
musculoskeletal pain and pain interference across the life course.
Implications of this Research
The significance of this research lies in the ability to identify unique individual
characteristics that may explain differences in the pain experience, and to enhance our
understanding of the relationship between musculoskeletal pain and physical function amongst a
racially and socioeconomically diverse group of younger-, middle-aged, and older adults. Pain is
often associated with individuals of older age groups; however, this dissertation highlights the
prevalence to which pain may be exhibited earlier in the life course amongst a group who are
often under-represented in the current literature (Evans et al., 2010).
Specifically, research that has examined the associations between sociodemographic,
health, and psychosocial factors (e.g., age, race, medical conditions, and neighborhoods), on both
subjective and objective musculoskeletal pain, was limited to date. However, this research
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highlights that if subjective pain reports are inconsistent with objective pain measurements, it
may be an indication of underlying psychological distress and/or exaggerated pain behaviors. As
a result, pain that may be caused or exacerbated by sociodemographic and/or psychosocial
circumstances (e.g., lower SES, history of psychological distress, or poor neighborhood quality)
may require different approaches to treatment than what is typically prescribed for pain that is
secondary to health conditions (e.g., opioids). Continuing to view pain strictly as a process of
pathophysiology is undermining the importance of sociodemographic, psychological, and
psychosocial processes that cause or exacerbate pain.
Furthermore, failure to recognize the presence of pain attributed to unique individual
factors may limit the types of treatments available, subject the person to unnecessary diagnostic
procedures that prolong the treatment process, and/or may render pharmacological approaches to
pain treatment ineffective (Interagency Pain Research Coordinating Committee, 2015). Greater
awareness of the unique individual characteristics that may contribute to individualized pain
experiences will stimulate the need for more effective measurements that not only incorporate
objective measurements of pain, but also gauge the micro- and macro-level factors that may lend
to the pain experience. Enhancing diagnostic and assessment efforts and improving our
understanding of the complex interactions between biological, social, emotional, and cognitive
processes that may cause or worsen pain, may lead to the development of more appropriate
interventions tailored to the needs across diverse groups. Such interventions may be nonpharmacologically-based and include the following approaches: cognitive behavioral therapy
(Jensen et al., 2012), psychoeducation (LeFort, Gray-Donald, Rowat, & Jeans, 1998), and/or
biofeedback (Flor & Birbaumer, 1993), which have been rendered effective for pain and may
offer appropriate alternatives to pharmacological treatments (e.g., opioids).

125

However, musculoskeletal pain that is improperly diagnosed or untreated, or unresolved
musculoskeletal pain that interferes with normal work may have implications on physical
function and contribute to disability with age. While we were unable to examine the relationships
between pain and physical declines, we did identify that pain was significantly associated with
physical deficits earlier in the life course. Specifically, we utilized sensitive objective
performance measures to reduce the possibility of ceiling effects due to potentially better
compensatory ability, amongst a younger group of individuals, in efforts to identify these
deficits.
Additionally, because this study identified these functional deficits earlier in the life
course, this dissertation highlights the need for research that continues to explore health-related
and psychosocial factors in order to implement appropriate interventions for pain and physical
function earlier in the life course. As a result, this research strived to enhance the ability to
identify those who are at greatest risk for musculoskeletal pain (e.g., females, those of lower
SES, greater number of health conditions, history of depressive symptoms, and poor perceived
neighborhood quality) and reduced physical function (e.g., middle-aged and older individuals).
Moreover, this research has significant clinical implications related to the timing of therapeutic
interventions (e.g., non-pharmacologically-based interventions for pain as well as physical or
recreational therapy to restore proper physical function) tailored to the unique needs of the
individual experiencing pain.

Future Directions
Future research is needed that continues to not only explore the pathophysiology of pain,
but also strives to explain the unique contribution of individual characteristics to the pain
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experience as well as what factors may explain the transition from acute to chronic pain.
Furthermore, diagnostic examinations associated with pain complaints also warrant further
attention. For example, subjective complaints of pain that are not corroborated by objective
measurements of pain (e.g., passive range of motion), may require additional probing of
individual circumstances to detect other factors that contribute to the chronicity of the pain
experience (e.g., lower SES and poor access to care and treatment, history of depressive
symptomology, or poor neighborhood conditions).
Additionally, due to the weak relationships between subjective and objective measures of
pain (e.g., passive range of motion), alternative or complementary measurements (e.g., a
sensitive physical performance battery) should be implemented as a component of the clinical
examination as these performance measures may provide additional information pertaining to the
presence, extent, and implications of pain earlier in the life course. These sensitive performance
measures are quick and may be easily administered within clinical care settings in conjunction
with other diagnostic procedures (e.g., passive range of motion) following subjective complaints
of pain. While similar performance measures have been implemented amongst older populations
(Studenski et al., 2003), the findings of this dissertation suggest that similar measures that are
sensitive enough to detect performance deficits, may also be suitable for individuals who are
younger in age, particularly if they are reporting pain. Future research should continue to explore
the feasibility and validity of such testing within clinical settings.
Moreover, while accounting for numerous sociodemographic and health characteristics
within study 2, these variables did not explain much of the variance in physical function. It is
possible that other factors that were not included may account for a greater proportion of the
variance. Particularly, inclusion of sleep disturbances (e.g., insomnia; Goldman et al., 2007),
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self-efficacy beliefs (de Leon, Seeman, Baker, Richardson, & Tinetti, 1996), sociocultural
factors (e.g., discrimination, medical mistrust, and access to quality healthcare services; de Leon,
Barnes, Bienias, Skarupski, & Evans, 2005; Williams, Yu, Jackson, & Anderson, 1997),
perceived health status, and levels of physical activity (Stuck et al., 1999) within similar models
may account for a greater proportion of the variance as it pertains to physical function, and
should be considered in future research. Additionally, based on the findings of study 1, it is
imperative that future studies that incorporate racially and socioeconomically diverse adults
further consider the role of the psychosocial characteristics such as environment, (e.g., poor
neighborhood conditions) and “John Henryism”, as they may serve as unique predictors of
poorer physical function.
Lastly, more research is needed to further our understanding of how psychosomatic pain,
as well as pathophysiology, contribute to deficits in physical function across the life course.
Specifically, longitudinal studies should explore whether individuals with musculoskeletal pain
demonstrate greater physical declines than what is typically observed with normal age-related
losses.

Conclusion
In summary, pain is defined as an unpleasant sensory and emotionally-based experience
that is typically associated with pathology or chronic conditions as well as perceived tissue
damage (Merskey, 1986). Interactions across physiological/biological, cognitive, psychological,
and emotional processes comprises the perception of pain as well as the transition from acute
pain to chronic pain over time. However, pain is most commonly viewed as a symptom that is
secondary to pathology and typically warrants pharmacological approaches to treatment. This
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dissertation demonstrates that musculoskeletal pain may be independent from pathological
findings and is associated with unique sociodemographic, psychological, and psychosocial
characteristics. Moreover, this musculoskeletal pain is significantly associated with deficits in
physical function that may be observed as early as middle age when using sensitive performance
measures.

129

REFERENCES
Aiken, L. S., & West, S. G. (1991). Multiple Regression: Testing and interpreting interactions: Thousand
Oaks: Sage.
Andersen, I., Thielen, K., Nygaard, E., & Diderichsen, F. (2009). Social inequality in the prevalence of
depressive disorders. Journal of Epidemiology and Community Health, 63(7), 575-581.
doi:10.1136/jech.2008.082719
Aneshensel, C. S., & Sucoff, C. A. (1996). The neighborhood context of adolescent mental health.
Journal of Health and Social Behavior, 293-310.
Arnow, B. A., Hunkeler, E. M., Blasey, C. M., Lee, J., Constantino, M. J., Fireman, B., . . . Hayward, C.
(2006). Comorbid depression, chronic pain, and disability in primary care. Psychosomatic
Medicine, 68(2), 262-268. doi:10.1097/01.psy.0000204851.15499.fc
Bair, M. J., Robinson, R. L., Katon, W., & Kroenke, K. (2003). Depression and pain comorbidity: A
literature review. Archives of Internal Medicine, 163(20), 2433-2445.
doi:10.1001/archinte.163.20.2433
Baker, F. M., Okwumabua, J., Philipose, V., & Wong, S. (1996). Screening African-American elderly for
the presence of depressive symptoms: A preliminary investigation. Journal of Geriatric
Psychiatry and Neurology, 9(3), 127-132.
Baker, T. A., & Green, C. R. (2005). Intrarace differences among Black and White Americans presenting
for chronic pain management: The influence of age, physical health, and psychosocial factors.
Pain Medicine, 6(1), 29-38.
Bean, J. F., Leveille, S. G., Kiely, D. K., Bandinelli, S., Guralnik, J. M., & Ferrucci, L. (2003). A
comparison of leg power and leg strength within the InCHIANTI study: Which influences
mobility more? The Journals of Gerontology Series A: Biological Sciences and Medical Sciences,
58(8), M728-M733.
Behrens, V., Seligman, P., Cameron, L., Mathias, C. G., & Fine, L. (1994). The prevalence of back pain,
hand discomfort, and dermatitis in the US working population. American Journal of Public
Health, 84(11), 1780-1785.
Bennett, G. G., Merritt, M. M., Sollers III, J. J., Edwards, C. L., Whitfield, K. E., Brandon, D. T., &
Tucker, R. D. (2004). Stress, coping, and health outcomes among African-Americans: A review
of the John Henryism hypothesis. Psychology & Health, 19(3), 369-383.
doi:10.1080/0887044042000193505
Bergman, S. (2007). Management of musculoskeletal pain. Best Practice & Research Clinical
Rheumatology, 21(1), 153-166. doi:10.1016/j.berh.2006.10.001

130

Berkman, L. F., Seeman, T. E., Albert, M., Blazer, D., Kahn, R., Mohs, R., . . . McClearn, G. (1993).
High, usual and impaired functioning in community-dwelling older men and women: Findings
from the MacArthur Foundation Research Network on Successful Aging. Journal of Clinical
Epidemiology, 46(10), 1129-1140. doi:10.1016/0895-4356(93)90112-E
Beydoun, M. A., Kuczmarski, M. T. F., Mason, M. A., Ling, S. M., Evans, M. K., & Zonderman, A. B.
(2009). Role of depressive symptoms in explaining socioeconomic status disparities in dietary
quality and central adiposity among US adults: A structural equation modeling approach. The
American Journal of Clinical Nutrition, 90(4), 1084-1095. doi:10.3945/ajcn.2009.27782
Bishop, K. L., Ferraro, F. R., & Borowiak, D. M. (2001). Pain management in older adults: Role of fear
and avoidance. Clinical Gerontologist, 23(1-2), 33-42.
Blozik, E., Laptinskaya, D., Herrmann-Lingen, C., Schaefer, H., Kochen, M. M., Himmel, W., & Scherer,
M. (2009). Depression and anxiety as major determinants of neck pain: A cross-sectional study in
general practice. BMC Musculoskeletal Disorders, 10(1), 13.
Blyth, F. M., March, L. M., Brnabic, A. J. M., Jorm, L. R., Williamson, M., & Cousins, M. J. (2001).
Chronic pain in Australia: A prevalence study. Pain, 89(2), 127-134. doi:10.1016/S03043959(00)00355-9
Bohannon, R. W. (1995). Sit-to-stand test for measuring performance of lower extremity muscles.
Perceptual and Motor Skills, 80(1), 163-166. doi:10.2466/pms.1995.80.1.163
Borowsky, S. J., Rubenstein, L. V., Meredith, L. S., Camp, P., Jackson‐Triche, M., & Wells, K. B.
(2000). Who is at risk of nondetection of mental health problems in primary care? Journal of
General Internal Medicine, 15(6), 381-388.
Braveman, P. A., Cubbin, C., Egerter, S., Chideya, S., Marchi, K. S., Metzler, M., & Posner, S. (2005).
Socioeconomic status in health research: one size does not fit all. JAMA, 294(22), 2879-2888.
Brown, C., Schulberg, H. C., & Madonia, M. J. (1996). Clinical presentations of major depression by
African Americans and whites in primary medical care practice. Journal of Affective Disorders,
41(3), 181-191.
Brumagne, S., Cordo, P., & Verschueren, S. (2004). Proprioceptive weighting changes in persons with
low back pain and elderly persons during upright standing. Neuroscience Letters, 366(1), 63-66.
doi:10.1016/j.neulet.2004.05.013
Brumagne, S., Janssens, L., Janssens, E., & Goddyn, L. (2008). Altered postural control in anticipation of
postural instability in persons with recurrent low back pain. Gait and Posture, 28(4), 657-662.
doi:10.1016/j.gaitpost.2008.04.015
Buchman, A. S., Boyle, P. A., Wilson, R. S., Bienias, J. L., & Bennett, D. A. (2007). Physical activity and
motor decline in older persons. Muscle and Nerve, 35(3), 354-362. doi:10.1002/mus.20702
Byl, N. N., & Sinnott, P. L. (1991). Variations in balance and body sway in middle-aged adults: Subjects
with healthy backs compared with subjects with low-back dysfunction. Spine, 16(3), 325-330.
Callahan, C. M., & Wolinsky, F. D. (1994). The effect of gender and race on the measurement properties
of the CES-D in older adults. Medical Care, 32(4), 341-356.

131

Campbell, L. C., Clauw, D. J., & Keefe, F. J. (2003). Persistent pain and depression: A biopsychosocial
perspective. Biological Psychiatry, 54(3), 399-409. doi:10.1016/S0006-3223(03)00545-6
Casten, R. J., Parmelee, A., Kleban, M. H., Lawton, M. P., & Katz, I. R. (1995). The relationships among
anxiety, depression, and pain in a geriatric institutionalized sample. Pain, 61(2), 271-276.
Cesari, M., Leeuwenburgh, C., Lauretani, F., Onder, G., Bandinelli, S., Maraldi, C., . . . Ferrucci, L.
(2006). Frailty syndrome and skeletal muscle: results from the Invecchiare in Chianti study.
American Journal of Clinical Nutrition, 83(5), 1142-1148.
Clay, O. J., Thorpe, R. J., Wilkinson, L. L., Plaisance, E. P., Crowe, M., Sawyer, P., & Brown, C. J.
(2015). An examination of lower extremity function and its correlates in older African American
and White men. Ethnicity and Disease, 25(3), 271-278. doi:10.18865/ed.25.3.271
Cohen, J. (1992). A power primer. Psychological Bulletin, 112(1), 155. doi:10.1037/0033-2909.112.1.155
Covinsky, K. E., Lindquist, K., Dunlop, D. D., & Yelin, E. (2009). Pain, functional limitations, and aging.
Journal of the American Geriatrics Society, 57(9), 1556-1561. doi:10.1111/j.15325415.2009.02388.x
Cox, M. E., Asselin, S., Gracovetsky, S. A., Richards, M. P., Newman, N. M., Karakusevic, V., . . . Fogel,
J. N. (2000). Relationship between functional evaluation measures and self-assessment in
nonacute low back pain. Spine, 25(14), 1817-1826.
Croft, P. R., & Rigby, A. S. (1994). Socioeconomic influences on back problems in the community in
Britain. Journal of Epidemiology and Community Health, 48(2), 166-170.
doi:10.1136/jech.48.2.166
Curb, D. J., Ceria-Ulep, C. D., Rodriguez, B. L., Grove, J., Guralnik, J. M., Willcox, B. J., . . . Chen, R.
(2006). Performance-based measures of physical function for high-function populations. Journal
of the American Geriatrics Society, 54(5), 737-742. doi:10.1111/j.1532-5415.2006.00700.x
Currie, S. R., & Wang, J. (2004). Chronic back pain and major depression in the general Canadian
population. Pain, 107(1–2), 54-60. doi:10.1016/j.pain.2003.09.015
Curry, A., Latkin, C., & Davey-Rothwell, M. (2008). Pathways to depression: The impact of
neighborhood violent crime on inner-city residents in Baltimore, Maryland, USA. Social Science
and Medicine, 67(1), 23-30.
Dahaghin, S., Bierma-Zeinstra, S. M. A., Reijman, M., Pols, H. A. P., Hazes, J. M. W., & Koes, B. W.
(2005). Prevalence and determinants of one month hand pain and hand related disability in the
elderly (Rotterdam study). Annals of the Rheumatic Diseases, 64(1), 99-104.
Das, A. K., Olfson, M., McCurtis, H. L., & Weissman, M. M. (2006, 2006/01//). Depression in African
Americans: Breaking barriers to detection and treatment: Community-based studies tend to ignore
high-risk groups of African Americans. Journal of Family Practice, 55, 30+.
de Leon, C. F. M., Barnes, L. L., Bienias, J. L., Skarupski, K. A., & Evans, D. A. (2005). Racial
disparities in disability: Recent evidence from self-reported and performance-based disability
measures in a population-based study of older adults. The Journals of Gerontology Series B:
Psychological Sciences and Social Sciences, 60(5), S263-S271.

132

de Leon, C. F. M., Seeman, T. E., Baker, D. I., Richardson, E. D., & Tinetti, M. E. (1996). Self-efficacy,
physical decline, and change in functioning in community-living elders: A prospective study. The
Journals of Gerontology: Series B, 51B(4), S183-S190. doi:10.1093/geronb/51B.4.S183
Delgado, P. L. (2004). Common pathways of depression and pain. The Journal of clinical psychiatry,
65(suppl 12), 16-19.
Desai, M. M., Zhang, P., & Hennessy, C. H. (1999). Surveillance for morbidity and mortality among
older adults—United States, 1995–1996. MMWR CDC Surveillance Summaries, 48(8), 7-25.
Deyo, R. A. (1988). Measuring the functional status of patients with low back pain. Archives of Physical
Medicine and Rehabilitation, 69(12), 1044-1053.
Diamant, A. L., Hays, R. D., Morales, L. S., Ford, W., Calmes, D., Asch, S., . . . Fielding, J. (2004).
Delays and unmet need for health care among adult primary care patients in a restructured urban
public health system. American Journal of Public Health, 94(5), 783-789.
Dunlop, D. D., Song, J., Lyons, J. S., Manheim, L. M., & Chang, R. W. (2003). Racial/ethnic differences
in rates of depression among preretirement adults. American Journal of Public Health, 93(11),
1945-1952. doi:10.2105/AJPH.93.11.1945
Eggermont, L. H. P., Bean, J. F., Guralnik, J. M., & Leveille, S. G. (2009). Comparing pain severity
versus pain location in the MOBILIZE Boston study: Chronic pain and lower extremity function.
Journals of Gerontology. Series A: Biological Sciences and Medical Sciences, 64(7), 763-770.
doi:10.1093/gerona/glp016
Elliott, A. M., Smith, B. H., Penny, K. I., Cairns Smith, W., & Alastair Chambers, W. (1999). The
epidemiology of chronic pain in the community. The Lancet, 354(9186), 1248-1252.
doi:10.1016/S0140-6736(99)03057-3
Engel, G. L. (1989). The need for a new medical model: A challenge for biomedicine. Holistic Medicine,
4(1), 37-53.
Evans, M. K., Lepkowski, J. M., Powe, N. R., LaVeist, T., Kuczmarski, M. F., & Zonderman, A. B.
(2010). Healthy aging in neighborhoods of diversity across the life span (HANDLS): overcoming
barriers to implementing a longitudinal, epidemiologic, urban study of health, race, and
socioeconomic status. Ethnicity and Disease, 20(3), 267-275.
Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G*Power 3: A flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behavior Research
Methods, 39(2), 175-191. doi:10.3758/bf03193146
Ferrucci, L., Cooper, R., Shardell, M., Simonsick, E. M., Schrack, J. A., & Kuh, D. (2016). Age-related
change in mobility: Perspectives from life course epidemiology and geroscience. The Journals of
Gerontology Series A: Biological Sciences and Medical Sciences. doi:10.1093/gerona/glw043
Feuerstein, M., Carosella, A. M., Burrell, L. M., Marshall, L., & Decaro, J. (1997). Occupational upper
extremity symptoms in sign language interpreters: prevalence and correlates of pain, function,
and work disability. Journal of Occupational Rehabilitation, 7(4), 187-205.

133

Fishbain, D. A., Cutler, R., Rosomoff, H. L., & Rosomoff, R. S. (1997). Chronic pain-associated
depression: Antecedent or consequence of chronic pain? A Review. The Clinical Journal of Pain,
13(2), 116-137. doi:10.1097/00002508-199706000-00006
Flor, H., & Birbaumer, N. (1993). Comparison of the efficacy of electromyographic biofeedback,
cognitive-behavioral therapy, and conservative medical interventions in the treatment of chronic
musculoskeletal pain. Journal of Consulting and Clinical Psychology, 61(4), 653.
Flor, H., & Turk, D. C. (2013). Cognitive and Learning Aspects. In S. B. McMahon, M. Koltzenburg, I.
Tracey, & D. C. Turk (Eds.), Textbook of Pain (pp. 256-272). Philadelphia, PA: Saunders.
Flor, H., Turk, D. C., & Birbaumer, N. (1985). Assessment of stress-related psychophysiological
reactions in chronic back pain patients. Journal of Consulting and Clinical Psychology, 53(3),
354. doi:10.1037/0022-006X.53.3.354
Fordyce, W. E., Shelton, J. L., & Dundore, D. E. (1982). The modification of avoidance learning pain
behaviors. Journal of Behavioral Medicine, 5(4), 405-414. doi:10.1007/bf00845370
Franzini, L., Caughy, M., Spears, W., & Esquer, M. E. F. (2005). Neighborhood economic conditions,
social processes, and self-rated health in low-income neighborhoods in Texas: A multilevel latent
variables model. Social Science and Medicine, 61(6), 1135-1150.
doi:10.1016/j.socscimed.2005.02.010
Fried, L. P., Tangen, C. M., Walston, J., Newman, A. B., Hirsch, C., Gottdiener, J., . . . Burke, G. (2001).
Frailty in older adults evidence for a phenotype. The Journals of Gerontology Series A:
Biological Sciences and Medical Sciences, 56(3), M146-M157. doi:10.1093/gerona/56.3.M146
Fritz, J. M., George, S. Z., & Delitto, A. (2001). The role of fear-avoidance beliefs in acute low back pain:
Relationships with current and future disability and work status. Pain, 94(1), 7-15.
doi:10.1016/S0304-3959(01)00333-5
Fuentes, M., Hart-Johnson, T., & Green, C. R. (2007). The association among neighborhood
socioeconomic status, race and chronic pain in black and white older adults. Journal of the
National Medical Association, 99(10), 1160.
Fukagawa, N. K., Wolfson, L., Judge, J., Whipple, R., & King, M. (1995). Strength is a major factor in
balance, gait, and the occurrence of falls. The Journals of Gerontology Series A: Biological
Sciences and Medical Sciences, 50(Special Issue), 64-67.
Gary, T. L., Safford, M. M., Gerzoff, R. B., Ettner, S. L., Karter, A. J., Beckles, G. L., & Brown, A. F.
(2008). Perception of neighborhood problems, health behaviors, and diabetes outcomes among
adults with diabetes in managed care. Diabetes Care, 31(2), 273-278.
Gary, T. L., Stark, S. A., & LaVeist, T. A. (2007). Neighborhood characteristics and mental health among
African Americans and whites living in a racially integrated urban community. Health & place,
13(2), 569-575. doi:10.1016/j.healthplace.2006.06.001
Gatchel, R. J. (2004). Comorbidity of chronic pain and mental health disorders: The biopsychosocial
perspective. American Psychologist, 59(8), 795. doi:10.1037/0003-066X.59.8.795

134

Geerlings, S. W., Twisk, J. W. R., Beekman, A. T. F., Deeg, D. J. H., & van Tilburg, W. (2002).
Longitudinal relationship between pain and depression in older adults: Sex, age and physical
disability. Social Psychiatry and Psychiatric Epidemiology, 37(1), 23-30.
Gélinas, C., Loiselle, C. G., LeMay, S., Ranger, M., Bouchard, E., & McCormack, D. (2008). Theoretical,
psychometric, and pragmatic issues in pain measurement. Pain Management Nursing, 9(3), 120130.
Gitlin, L. N. (2006). Physical Function in Older Adults: A Comprehensive Guide to its Meaning and
Measurement. Austin, Tx: Pro-Ed.
Goesling, J., Clauw, D. J., & Hassett, A. L. (2013). Pain and depression: An integrative review of
neurobiological and psychological factors. Current Psychiatry Reports, 15(12), 421.
doi:10.1007/s11920-013-0421-0
Goldman, S. E., Stone, K. L., Ancoli-Israel, S., Blackwell, T., Ewing, S. K., Boudreau, R. M., . . .
Newman, A. B. (2007). Poor sleep is associated with poorer physical performance and greater
functional limitations in older women. Sleep, 30(10), 1317-1324.
Gory, M. L., Ward, R., & Sherman, S. (1985). The ecology of aging: Neighborhood satisfaction in an
older population. The Sociological Quarterly, 26(3), 405-418. doi:10.1111/j.15338525.1985.tb00235.x
Green, C. R., Baker, T. A., Sato, Y., Washington, T. L., & Smith, E. M. (2003). Race and chronic pain: A
comparative study of young Black and White Americans presenting for management. The
Journal of Pain, 4(4), 176-183. doi:10.1016/S1526-5900(02)65013-8
Green, C. R., & Hart-Johnson, T. (2012). The association between race and neighborhood socioeconomic
status in younger Black and White adults with chronic pain. The Journal of Pain, 13(2), 176-186.
doi:10.1016/j.jpain.2011.10.008
Guralnik, J. M., Fried, L. P., Simonsick, E. M., Kasper, J. D., & Lafferty, M. E. (1995). The Women's
Health and Aging Study: Health and Social Characteristics of Older Women with Disability NIH
Pub. No. 95-4009. Bethesda, MD: National Institute on Aging.
Guralnik, J. M., Seeman, T. E., Tinetti, M. E., Nevitt, M. C., & Berkman, L. F. (1994). Validation and use
of performance measures of functioning in a non-disabled older population: MacArthur studies of
successful aging. Aging Clinical and Experimental Research, 6(6), 410-419.
Guralnik, J. M., Simonsick, E. M., Ferrucci, L., Glynn, R. J., Berkman, L. F., Blazer, D. G., . . . Wallace,
R. B. (1994). A short physical performance battery assessing lower extremity function:
Association with self-reported disability and prediction of mortality and nursing home admission.
Journal of Gerontology, 49(2), M85-94.
Gusmano, M. K., Fairbrother, G., & Park, H. (2002). Exploring the limits of the safety net: Community
health centers and care for the uninsured. Health Affairs, 21(6), 188-194.
Hagen, K. B., Harms-Ringdahl, K., Enger, N. O., Hedenstad, R., & Morten, H. (1997). Relationship
between subjective neck disorders and cervical spine mobility and motion-related pain in male
machine operators. Spine, 22(13), 1501-1507.

135

Haldeman, S. (1990). Presidential address, North American Spine Society: Failure of the pathology model
to predict back pain. Spine, 15(7), 718-724.
Hall, M. C., Mockett, S. P., & Doherty, M. (2006). Relative impact of radiographic osteoarthritis and pain
on quadriceps strength, proprioception, static postural sway and lower limb function. Annals of
the Rheumatic Diseases, 65(7), 865-870. doi:10.1136/ard.2005.043653
Hardt, J., Jacobsen, C., Goldberg, J., Nickel, R., & Buchwald, D. (2008). Prevalence of chronic pain in a
representative sample in the United States. Pain Medicine, 9(7), 803-812. doi:10.1111/j.15264637.2008.00425.x
Hicks, G. E., Simonsick, E. M., Harris, T. B., Newman, A. B., Weiner, D. K., Nevitt, M. A., & Tylavsky,
F. A. (2005). Cross-sectional associations between trunk muscle composition, back pain, and
physical function in the Health, Aging and Body Composition Study. The Journals of
Gerontology Series A: Biological Sciences and Medical Sciences, 60(7), 882-887.
doi:10.1093/gerona/60.7.882
Hodges, P. W. (2011). Pain and motor control: From the laboratory to rehabilitation. Journal of
Electromyography and Kinesiology, 21(2), 220-228. doi:10.1016/j.jelekin.2011.01.002
Hodges, P. W., Coppieters, M. W., MacDonald, D., & Cholewicki, J. (2013). New insight into motor
adaptation to pain revealed by a combination of modelling and empirical approaches. European
Journal of Pain, 17(8), 1138-1146. doi:10.1002/j.1532-2149.2013.00286.x
Hodges, P. W., Ervilha, U. F., & Graven-Nielsen, T. (2008). Changes in motor unit firing rate in synergist
muscles cannot explain the maintenance of force during constant force painful contractions. The
Journal of Pain, 9(12), 1169-1174. doi:10.1016/j.jpain.2008.06.012
Hodges, P. W., & Smeets, R. J. (2015). Interaction between pain, movement, and physical activity: Shortterm benefits, long-term consequences, and targets for treatment. The Clinical Journal of Pain,
31(2), 97-107. doi:10.1097/AJP.0000000000000098
Hodges, P. W., & Tucker, K. L. (2011). Moving differently in pain: A new theory to explain the
adaptation to pain. Pain, 152(3), S90-S98. doi:10.1016/j.pain.2010.10.020
Iezzoni, L. I., McCarthy, E. P., Davis, R. B., & Siebens, H. (2001). Mobility difficulties are not only a
problem of old age. Journal of General Internal Medicine, 16(4), 235-243.
Institute of Medicine. (2011). Relieving Pain in America: A Blueprint for Transforming Prevention, Care:
The National Academies Press.
Interagency Pain Research Coordinating Committee. (2015). National Pain Strategy: A comprehensive
population health-level strategy for pain. Washington, DC: Department of Health and Human
Services.
James, S. A. (1994). John Henryism and the health of African-Americans. Culture, Medicine and
Psychiatry, 18(2), 163-182. doi:10.1007/bf01379448
Jenkins, J. H., Kleinman, A., & Good, B. J. (1991). Cross-cultural studies of depression. In J. B. A.
Kleinman (Ed.), Psychosocial aspects of depression (pp. 67-99). Hillsdale, NJ, US: Lawrence
Erlbaum Associates, Inc.

136

Jensen, K. B., Kosek, E., Wicksell, R., Kemani, M., Olsson, G., Merle, J. V., . . . Ingvar, M. (2012).
Cognitive Behavioral Therapy increases pain-evoked activation of the prefrontal cortex in
patients with fibromyalgia. Pain, 153(7), 1495-1503. doi:10.1016/j.pain.2012.04.010
Johannes, C. B., Le, T. K., Zhou, X., Johnston, J. A., & Dworkin, R. H. (2010). The prevalence of chronic
pain in United States adults: Results of an internet-based survey. The Journal of Pain, 11(11),
1230-1239. doi:10.1016/j.jpain.2010.07.002
Jordan, K. P., Thomas, E., Peat, G., Wilkie, R., & Croft, P. (2008). Social risks for disabling pain in older
people: A prospective study of individual and area characteristics. PAIN®, 137(3), 652-661.
doi:10.1016/j.pain.2008.02.030
Katz, J., & Melzack, R. (1999). Measurement of pain. Surgical Clinics of North America, 79(2), 231-252.
Kosidou, K., Dalman, C., Lundberg, M., Hallqvist, J., Isacsson, G., & Magnusson, C. (2011).
Socioeconomic status and risk of psychological distress and depression in the Stockholm Public
Health Cohort: A population-based study. Journal of Affective Disorders, 134(1), 160-167.
doi:10.1016/j.jad.2011.05.024
Kuh, D., Bassey, E. J., Butterworth, S., Hardy, R., Wadsworth, M. E. J., & Team, M. S. (2005). Grip
strength, postural control, and functional leg power in a representative cohort of British men and
women: Associations with physical activity, health status, and socioeconomic conditions. The
Journals of Gerontology Series A: Biological Sciences and Medical Sciences, 60(2), 224-231.
doi:10.1093/gerona/60.2.224
Lang, I. A., Guralnik, J. M., & Melzer, D. (2007). Physical activity in middle‐aged adults reduces risks of
functional impairment independent of its effect on weight. Journal of the American Geriatrics
Society, 55(11), 1836-1841. doi:10.1111/j.1532-5415.2007.01426.x
LaVeist, T. A. (2005). Disentangling race and socioeconomic status: A key to understanding health
inequalities. Journal of Urban Health, 82(3), iii26-iii34.
LaVeist, T. A., Pollack, K., Thorpe, R. J., Fesahazion, R., & Gaskin, D. (2011). Place, not race:
Disparities dissipate In southwest Baltimore when Blacks And Whites live under similar
conditions. Health Affairs, 30(10), 1880-1887. doi:10.1377/hlthaff.2011.0640
Lawton, M. P., & Nahemow, L. (1973). Ecology and the aging process. In C. E. L. Eisdorfer, M. Powell
(Ed) (Ed.), The psychology of adult development and aging (pp. pp. 619-674): Washington, DC,
US: American Psychological Association.
Lawton, M. P., Nahemow, L., & Tsong-M.Y. (1980). Neighborhood environment and the wellbeing of
older tenants in planned housing. The International Journal of Aging and Human Development,
11(3), 211-227.
LeFort, S. M., Gray-Donald, K., Rowat, K. M., & Jeans, M. E. (1998). Randomized controlled trial of a
community-based psychoeducation program for the self-management of chronic pain. Pain,
74(2–3), 297-306. doi:10.1016/S0304-3959(97)00190-5
Lépine, J. P., & Briley, M. (2004). The epidemiology of pain in depression. Human
Psychopharmacology: Clinical and Experimental, 19(S1), S3-S7. doi:10.1002/hup.618

137

Lethem, J., Slade, P. D., Troup, J. D. G., & Bentley, G. (1983). Outline of a fear-avoidance model of
exaggerated pain perception—I. Behaviour Research and Therapy, 21(4), 401-408.
doi:10.1016/0005-7967(83)90009-8
Leveille, S. G., Bean, J. F., Bandeen‐Roche, K., Jones, R., Hochberg, M., & Guralnik, J. M. (2002).
Musculoskeletal pain and risk for falls in older disabled women living in the community. Journal
of the American Geriatrics Society, 50(4), 671-678. doi:10.1046/j.1532-5415.2002.50161.x
Leveille, S. G., Bean, J. F., Ngo, L., McMullen, W., & Guralnik, J. M. (2007). The pathway from
musculoskeletal pain to mobility difficulty in older disabled women. Pain, 128(1), 69-77.
Leveille, S. G., Jones, R. N., Kiely, D. K., Hausdorff, J. M., Shmerling, R. H., Guralnik, J. M., . . . Bean,
J. F. (2009). Chronic musculoskeletal pain and the occurrence of falls in an older population.
JAMA, 302(20), 2214-2221. doi:10.1001/jama.2009.1738
Lichtenstein, M. J., Dhanda, R., Cornell, J. E., Escalante, A., & Hazuda, H. P. (1998). Disaggregating
pain and its effect on physical functional limitations. The Journals of Gerontology Series A:
Biological Sciences and Medical Sciences, 53(5), M361-M371. doi:10.1093/gerona/53A.5.M361
Lihavainen, K., Sipilä, S., Rantanen, T., Sihvonen, S., Sulkava, R., & Hartikainen, S. (2010).
Contribution of musculoskeletal pain to postural balance in community-dwelling people aged 75
years and older. The Journals of Gerontology Series A: Biological Sciences and Medical
Sciences, 65A(9), 990-996. doi:10.1093/gerona/glq052
Long Foley, K., Reed, P. S., Mutran, E. J., & DeVellis, R. F. (2002). Measurement adequacy of the CESD among a sample of older African–Americans. Psychiatry Research, 109(1), 61-69.
doi:10.1016/S0165-1781(01)00360-2
López-López, A., Montorio, I., Izal, M., & Velasco, L. (2008). The role of psychological variables in
explaining depression in older people with chronic pain. Aging and mental health, 12(6), 735745.
Mackichan, F., Adamson, J., & Gooberman-Hill, R. (2013). ‘Living within your limits’: Activity
restriction in older people experiencing chronic pain. Age and Ageing, 42(6), 702-708.
doi:10.1093/ageing/aft119
Manly, J. J., Jacobs, D. M., Touradji, P., Small, S. A., & Stern, Y. (2002). Reading level attenuates
differences in neuropsychological test performance between African American and White elders.
Journal of the International Neuropsychological Society, 8(03), 341-348.
McGregor, A. H., Dore, C. J., McCarthy, I. D., & Hughes, S. P. (1998). Are subjective clinical findings
and objective clinical tests related to the motion characteristics of low back pain subjects?
Journal of Orthopaedic and Sports Physical Therapy, 28(6), 370-377.
Melzer, D., Gardener, E., & Guralnik, J. M. (2005). Mobility disability in the middle-aged: Crosssectional associations in the English Longitudinal Study of Ageing. Age and Ageing, 34(6), 594602. doi:10.1093/ageing/afi188
Merskey, H. E. (1986). Classification of chronic pain: Descriptions of chronic pain syndromes and
definitions of pain terms. Pain.

138

Michel, A. M. D., Kohlmann, T., & Raspe, H. M. D. (1997). The association between clinical findings on
physical examination and self-reported severity in back pain: Results of a population-based study.
Spine, 22(3), 296-303.
Mottram, S., Peat, G., Thomas, E., Wilkie, R., & Croft, P. (2008). Patterns of pain and mobility limitation
in older people: Cross-sectional findings from a population survey of 18,497 adults aged 50 years
and over. Quality of Life Research, 17(4), 529-539. doi:10.1007/s11136-008-9324-7
Mourão, A. F., Blyth, F. M., & Branco, J. C. (2010). Generalised musculoskeletal pain syndromes. Best
Practice & Research Clinical Rheumatology, 24(6), 829-840. doi:10.1016/j.berh.2010.10.005
Nelson, A. R., Stith, A. Y., & Smedley, B. D. (2002). Unequal treatment: Confronting racial and ethnic
disparities in health care: National Academies Press.
Nguyen, H. T., Kitner-Triolo, M., Evans, M. K., & Zonderman, A. B. (2004). Factorial invariance of the
CES-D in low socioeconomic status African Americans compared with a nationally
representative sample. Psychiatry Research, 126(2), 177-187.
doi:10.1016/j.psychres.2004.02.004
Nicotera, N. (2007). Measuring neighborhood: A conundrum for human services researchers and
practitioners. American Journal of Community Psychology, 40(1-2), 26-51.
O’Reilly, S. C., Jones, A., Muir, K. R., & Doherty, M. (1998). Quadriceps weakness in knee
osteoarthritis: The effect on pain and disability. Annals of the Rheumatic Diseases, 57(10), 588594. doi:10.1136/ard.57.10.588
Palmer, K. T., Walker-Bone, K., Griffin, M. J., Syddall, H., Pannett, B., Coggon, D., & Cooper, C.
(2001). Prevalence and occupational associations of neck pain in the British population.
Scandinavian Journal of Work, Environment and Health, 49-56.
Palmlöf, L., Skillgate, E., Alfredsson, L., Vingård, E., Magnusson, C., Lundberg, M., & Holm, L. W.
(2012). Does income matter for troublesome neck pain? A population-based study on risk and
prognosis. Journal of Epidemiology and Community Health, jech-2011-200783.
doi:10.1136/jech-2011-200783
Patel, K. V., Guralnik, J. M., Dansie, E. J., & Turk, D. C. (2013). Prevalence and impact of pain among
older adults in the United States: Findings from the 2011 National Health and Aging Trends
Study. Pain, 154(12), 2649-2657. doi:10.1016/j.pain.2013.07.029
Peat, G., Thomas, E., Wilkie, R., & Croft, P. (2006). Multiple joint pain and lower extremity disability in
middle and old age. Disability and Rehabilitation, 28(24), 1543-1549.
doi:10.1080/09638280600646250
Pijnappels, M., Reeves, N. D., & van Dieën, J. H. (2008). Identification of elderly fallers by muscle
strength measures. European Journal of Applied Physiology, 102(5), 585-592.
Pope, M. H., Rosen, J. C., Wilder, D. G., & Frymoyer, J. W. (1980). The relation between biomechanical
and psychological factors in patients with low-back pain. Spine, 5(2), 173-178.

139

Portenoy, R. K., Ugarte, C., Fuller, I., & Haas, G. (2004). Population-based survey of pain in the United
States: Differences among White, African American, and Hispanic subjects. The Journal of Pain,
5(6), 317-328. doi:10.1016/j.jpain.2004.05.005
Radloff, L. S. (1977). The CES-D scale: A self-report depression scale for research in the general
population. Applied Psychological Measurement, 1, 385-401. doi:10.1177/014662167700100306
Rantanen, T., Guralnik, J. M., Ferrucci, L., Leveille, S. G., & Fried, L. P. (1999). Coimpairments:
Strength and balance as predictors of severe walking disability. The Journals of Gerontology
Series A: Biological Sciences and Medical Sciences, 54(4), M172-M176.
doi:10.1093/gerona/54.4.M172
Reuben, D. B., Valle, L. A., Hays, R. D., & Siu, A. L. (1995). Measuring physical function in
community‐dwelling older persons: A comparison of self‐administered, interviewer‐administered,
and performance‐based measures. Journal of the American Geriatrics Society, 43(1), 17-23.
doi:10.1111/j.1532-5415.1995.tb06236.x
Royston, P., Altman, D. G., & Sauerbrei, W. (2006). Dichotomizing continuous predictors in multiple
regression: A bad idea. Statistics in Medicine, 25(1), 127-141.
Rudy, T. E., Kerns, R. D., & Turk, D. C. (1988). Chronic pain and depression: Toward a cognitivebehavioral mediation model. Pain, 35(2), 129-140. doi:10.1016/0304-3959(88)90220-5
Rudy, T. E., Weiner, D. K., Lieber, S. J., Slaboda, J., & Boston, R. J. (2007). The impact of chronic low
back pain on older adults: A comparative study of patients and controls. Pain, 131(3), 293-301.
doi:10.1016/j.pain.2007.01.012
Rustøen, T., Wahl, A. K., Hanestad, B. R., Lerdal, A., Paul, S., & Miaskowski, C. (2004). Prevalence and
characteristics of chronic pain in the general Norwegian population. European Journal of Pain,
8(6), 555-565. doi:10.1016/j.ejpain.2004.02.002
Rustøen, T., Wahl, A. K., Hanestad, B. R., Lerdal, A., Paul, S., & Miaskowski, C. (2005). Age and the
experience of chronic pain: Differences in health and quality of life among younger, middle-aged,
and older adults. The Clinical Journal of Pain, 21(6), 513-523.
doi:10.1097/01.ajp.0000146217.31780.ef
Saarloos, D., Alfonso, H., Giles-Corti, B., Middleton, N., & Almeida, O. P. (2011). The built environment
and depression in later life: The health in men study. The American Journal of Geriatric
Psychiatry, 19(5), 461-470. doi:10.1097/JGP.0b013e3181e9b9bf
Schieman, S., & Pearlin, L. I. (2006). Neighborhood disadvantage, social comparisons, and the subjective
assessment of ambient problems among older adults. Social Psychology Quarterly, 69(3), 253269. doi:10.1177/019027250606900303
Schootman, M., Andresen, E. M., Wolinsky, F. D., Malmstrom, T. K., Miller, J. P., & Miller, D. K.
(2006). Neighborhood conditions and risk of incident lower-body functional limitations among
middle-aged African Americans. American Journal of Epidemiology, 163(5), 450-458.
doi:10.1093/aje/kwj054

140

Scudds, R. J., & Østbye, T. (2001). Pain and pain-related interference with function in older Canadians:
The Canadian study of health and aging. Disability and Rehabilitation, 23(15), 654-664.
doi:10.1080/09638280110043942
Shavers, V. L. (2007). Measurement of socioeconomic status in health disparities research. Journal of the
National Medical Association, 99(9), 1013.
Shiri, R., Karppinen, J., Leino-Arjas, P., Solovieva, S., & Viikari-Juntura, E. (2010). The association
between obesity and low back pain: A meta-analysis. American Journal of Epidemiology, 171(2),
135-154. doi:10.1093/aje/kwp356
Simonsick, E. M., Newman, A. B., Nevitt, M. C., Kritchevsky, S. B., Ferrucci, L., Guralnik, J. M., &
Harris, T. (2001). Measuring higher level physical function in well-functioning older adults:
Expanding familiar approaches in the Health ABC study. The Journals of Gerontology Series A:
Biological Sciences and Medical Sciences, 56(10), M644-649. doi:10.1093/gerona/56.10.M644
Smarr, K. L., & Keefer, A. L. (2011). Measures of depression and depressive symptoms: Beck
Depression Inventory‐II (BDI‐II), Center for Epidemiologic Studies Depression Scale (CES‐D),
Geriatric Depression Scale (GDS), Hospital Anxiety and Depression Scale (HADS), and Patient
Health Questionnaire‐9 (PHQ‐9). Arthritis Care & Research, 63(S11). doi:10.1002/acr.20556
Smith, B. H., Elliott, A. M., Chambers, A. W., Smith, C. W., Hannaford, P. C., & Penny, K. (2001). The
impact of chronic pain in the community. Family Practice, 18(3), 292-299.
doi:10.1093/fampra/18.3.292
Steptoe, A., & Feldman, P. J. (2001). Neighborhood problems as sources of chronic stress: Development
of a measure of neighborhood problems, and associations with socioeconomic status and health.
Annals of Behavioral Medicine, 23(3), 177-185. doi:10.1207/s15324796abm2303_5
Stuck, A. E., Walthert, J. M., Nikolaus, T., Büla, C. J., Hohmann, C., & Beck, J. C. (1999). Risk factors
for functional status decline in community-living elderly people: A systematic literature review.
Social Science and Medicine, 48(4), 445-469. doi:10.1016/S0277-9536(98)00370-0
Studenski, S., Perera, S., Wallace, D., Chandler, J. M., Duncan, P. W., Rooney, E., . . . Guralnik, J. M.
(2003). Physical performance measures in the clinical setting. Journal of the American Geriatrics
Society, 51(3), 314-322. doi:10.1046/j.1532-5415.2003.51104.x
Taylor, J. O., Wallace, R. B., Ostfeld, A. M., & Blazer, D. G. (2006). Established Populations for
Epidemiologic Studies of the Elderly, 1981-1993: [East Boston, Massachusetts, Iowa and
Washington Counties, Iowa, New Haven, Connecticut, and North Central North Carolina].
Retrieved from: 10.3886/ICPSR09915.v3
Teske, K., Daut, R. L., & Cleeland, C. S. (1983). Relationships between nurses' observations and patients'
self-reports of pain. Pain, 16(3), 289-296. doi:10.1016/0304-3959(83)90117-3
Thomas, E., Peat, G., Harris, L., Wilkie, R., & Croft, P. R. (2004). The prevalence of pain and pain
interference in a general population of older adults: cross-sectional findings from the North
Staffordshire Osteoarthritis Project (NorStOP). Pain, 110(1–2), 361-368.
doi:10.1016/j.pain.2004.04.017

141

Thorpe, R. J., Simonsick, E., Zonderman, A. B., & Evans, M. K. (2016). Association between race,
household income and grip strength in middle-and older-aged adults. Ethnicity and Disease,
26(4), 493-500. doi:10.18865/ed.26.4.493
Tomey, K. M., & Sowers, M. R. (2009). Assessment of physical functioning: A conceptual model
encompassing environmental factors and individual compensation strategies. Physical Therapy,
89(7), 705-714. doi:10.2522/ptj.20080213
Tucker, K., & Hodges, P. W. (2010). Changes in motor unit recruitment strategy during pain alters force
direction. European Journal of Pain, 14(9), 932-938. doi:10.1016/j.ejpain.2010.03.006
Turk, D. C., & Flor, H. (1999). Chronic Pain: A biobehavioral perspective. In R. Gatchel & D. C. Turk
(Eds.), Psychosocial factors in pain: Critical perspectives (pp. 18-34). New York, NY: The
Guilford Press.
U.S. Department of Health and Human Services. (2004). The 2004 HHS Poverty Guidelines. Retrieved
from https://aspe.hhs.gov/2004-hhs-poverty-guidelines
Urquhart, D. M., Berry, P., Wluka, A. E., Strauss, B. J., Wang, Y., Proietto, J., . . . Cicuttini, F. M. (2011).
2011 Young Investigator Award Winner: Increased fat mass is associated with high levels of low
back pain intensity and disability. Spine, 36(16), 1320-1325.
doi:10.1097/BRS.0b013e3181f9fb66
Valente, M. A. F., Ribeiro, J. L. P., & Jensen, M. P. (2009). Coping, depression, anxiety, self-efficacy and
social support: Impact on adjustment to chronic pain. Psychological Writings, 2(3), 8-17.
doi:10.1016/0304-3959(91)90095-f
Viniol, A., Jegan, N., Leonhardt, C., Brugger, M., Strauch, K., Barth, J., . . . Becker, A. (2013).
Differences between patients with chronic widespread pain and local chronic low back pain in
primary care - A comparative cross-sectional analysis. BMC Musculoskeletal Disorders, 14(1),
351. doi:10.1186/1471-2474-14-351
Von Korff, M., Ormel, J., Keefe, F. J., & Dworkin, S. F. (1992). Grading the severity of chronic pain.
Pain, 50(2), 133-149.
Ware, J. E., Kosinski, M., Dewey, J. E., & Gandek, B. (2000). SF-36 health survey: Manual and
interpretation guide: Quality Metric Inc.
Ware, J. E., Kosinski, M., & Keller, S. D. (1996). A 12-item short-form health survey: Construction of
scales and preliminary tests of reliability and validity. Medical Care, 34(3), 220-233.
Watkins, E. A., Wollan, P. C., Melton, L. J., & Yawn, B. P. (2008). A population in pain: Report from the
Olmsted County Health Study. Pain Medicine, 9(2), 166-174. doi:10.1111/j.15264637.2007.00280.x
Weiner, D. K., Haggerty, C. L., Kritchevsky, S. B., Harris, T. B., Simonsick, E. M., Nevitt, M. C., &
Newman, A. B. (2003). How does low back pain impact physical function in independent, well‐
functioning older adults? Evidence from the Health ABC cohort and implications for the future.
Pain Medicine, 4(4), 311-320. doi:10.1111/j.1526-4637.2003.03042.x

142

Weiner, D. K., Rudy, T. E., Morrow, L., Slaboda, J., & Lieber, S. (2006). The relationship between pain,
neuropsychological performance, and physical function in community-dwelling older adults with
chronic low back pain. Pain Medicine, 7(1), 60-70. doi:10.1111/j.1526-4637.2006.00091.x
Weiss, E. (2014). Knee osteoarthritis, body mass index and pain: Data from the Osteoarthritis Initiative.
Rheumatology, 53(11), 2095-2099. doi:10.1093/rheumatology/keu244
Whaley, A. L. (2001). Cultural mistrust: An important psychological construct for diagnosis and
treatment of African Americans. Professional Psychology: Research and Practice, 32(6), 555.
Wilkinson, G. S. (1993). The Wide Range Achievement Test: Manual. 3rd ed. Wilmington, DE.
Williams, D. R. (1996). Race/ethnicity and socioeconomic status: Measurement and methodological
issues. International Journal of Health Services, 26(3), 483-505.
Williams, D. R., Neighbors, H. W., & Jackson, J. S. (2003). Racial/ethnic discrimination and health:
Findings from community studies. American Journal of Public Health, 93(2), 200-208.
Williams, D. R., Yu, Y., Jackson, J. S., & Anderson, N. B. (1997). Racial differences in physical and
mental health: Socio-economic status, stress and discrimination. Journal of Health Psychology,
2(3), 335-351.
Woo, J., Leung, J., & Lau, E. (2009). Prevalence and correlates of musculoskeletal pain in Chinese
elderly and the impact on 4-year physical function and quality of life. Public Health, 123(8), 549556.
World Health Organization. (2000). Obesity: Preventing and managing the global epidemic
(9241208945). Retrieved from Geneva, Switzerland:
Yagci, N., Cavlak, U., Aslan, U. B., & Akdag, B. (2007). Relationship between balance performance and
musculoskeletal pain in lower body comparison healthy middle aged and older adults. Archives of
Gerontology and Geriatrics, 45(1), 109-119. doi:10.1016/j.archger.2006.09.005

143

APPENDICES

144

Appendix 1: Copyright Approval

WOLTERS KLUWER HEALTH, INC. LICENSE
TERMS AND CONDITIONS
Jun 12, 2017

This Agreement between Angela Sardina ("You") and Wolters Kluwer Health, Inc. ("Wolters
Kluwer Health, Inc.") consists of your license details and the terms and conditions provided by
Wolters Kluwer Health, Inc. and Copyright Clearance Center.
License Number
4123041032700
License date
Jun 06, 2017
Licensed Content Publisher
Wolters Kluwer Health, Inc.
Licensed Content Publication
Pain
Licensed Content Title
Moving differently in pain: A new theory to explain the adaptation to pain
Licensed Content Author
Paul Hodges and Kylie Tucker
Licensed Content Date
Jan 1, 2011
Licensed Content Volume
152
Licensed Content Issue
3
Type of Use
Dissertation/Thesis
Requestor type
Individual
Portion
Figures/table/illustration
Number of figures/tables/illustrations
1
Figures/tables/illustrations used
Figure 3. New theory of motor adaptation to pain
Author of this Wolters Kluwer article
No
Title of your thesis / dissertation
Pain and Physical Function in a Socioeconomically Diverse Sample of Black and White Adults
Expected completion date
Jul 2017
Estimated size(pages)
158
Requestor Location
Angela Sardina
3910 Carretta Ct.
WILMINGTON, NC 28412
United States
Attn: Angela Sardina

145

Publisher Tax ID
13-2932696
Billing Type
Invoice
Billing Address
Angela Sardina
3910 Carretta Ct.
WILMINGTON, NC 28412
United States
Attn: Angela Sardina
Total
0.00 USD
Terms and Conditions

Wolters Kluwer Terms and Conditions
1. Transfer of License: Wolters Kluwer hereby grants you a non-exclusive license to reproduce
this material for this purpose, and for no other use, subject to the conditions herein.
2. Credit Line: will be prominently placed and include: For books – the author(s), title of book,
editor, copyright holder, year of publication; For journals – the author(s), title of article, title
of journal, volume number, issue number, inclusive pages and website URL to the journal
page.
3. Warranties: The requestor warrants that the material shall not be used in any manner which
may be considered derogatory to the title, content, or authors of the material, or to Wolters
Kluwer.
4. Indemnity: You hereby indemnify and hold harmless Wolters Kluwer and their respective
officers, directors, employees and agents, from and against any and all claims, costs,
proceeding or demands arising out of your unauthorized use of the Licensed Material.
5. Geographical Scope: Permission granted is non-exclusive, and is valid throughout the world
in the English language and the languages specified in your original request.
6. Wolters Kluwer cannot supply the requestor with the original artwork, electronic files or a
"clean copy."
7. Permission is valid if the borrowed material is original to a Wolters Kluwer imprint (LippincottRaven Publishers, Williams & Wilkins, Lea & Febiger, Harwal, Rapid Science, Little Brown &
Company, Harper & Row Medical, American Journal of Nursing Co, and Urban &
Schwarzenberg - English Language, Raven Press, Paul Hoeber, Springhouse, Ovid).
8. Termination of contract: If you opt not to use the material requested above please notify
RightsLink or Wolters Kluwer within 90 days of the original invoice date.
9. This permission does not apply to images that are credited to publications other than Wolters
Kluwer books/journals or its Societies. For images credited to non-Wolters Kluwer books or
journals, you will need to obtain permission from the source referenced in the figure or table
legend or credit line before making any use of the image(s) or table(s).
10. Modifications: With the exception of text size or color, no Wolters Kluwer material is
permitted to be modified or adapted without publisher approval.
11. Third party material: Adaptations are protected by copyright, so if you would like to reuse
material that we have adapted from another source, you will need not only our permission,
but the permission of the rights holder of the original material. Similarly, if you want to reuse
an adaptation of original LWW content that appears in another publishers work, you will need
our permission and that of the next publisher. The adaptation should be credited as follows:
Adapted with permission from Wolters Kluwer: Book author, title, year of publication or
Journal name, article author, title, reference citation, year of publication. Modifications are
permitted on an occasional basis only and permission must be sought by Wolters Kluwer.
12. Duration of the license: Permission is granted for a one-time use only within 12 months
from the date of this invoice. Rights herein do not apply to future reproductions, editors,
revisions, or other derivative works. Once the 12 - month term has expired, permission to
renew must be submitted in writing.

146

i.

For content reused in another journal or book, in print or electronic format, the license
is one-time use and lasts for the 1st edition of a book or for the life of the edition in
case of journals.
ii.
If your Permission Request is for use on a website (which is not a journal or a book),
internet, intranet, or any publicly accessible site, you agree to remove the material
from such site after 12 months or else renew your permission request.
13. Contingent on payment: While you may exercise the rights licensed immediately upon
issuance of the license at the end of the licensing process for the transaction, provided that
you have disclosed complete and accurate details of your proposed use, no license is finally
effective unless and until full payment is received from you (either by publisher or by CCC) as
provided in CCC's Billing and Payment terms and conditions. If full payment is not received on
a timely basis, then any license preliminarily granted shall be deemed automatically revoked
and shall be void as if never granted. Further, in the event that you breach any of these terms
and conditions or any of CCC's Billing and Payment terms and conditions, the license is
automatically revoked and shall be void as if never granted. Use of materials as described in a
revoked license, as well as any use of the materials beyond the scope of an unrevoked license,
may constitute copyright infringement and publisher reserves the right to take any and all
action to protect its copyright in the materials.
14. Waived permission fee: If the permission fee for the requested use of our material has been
waived in this instance, please be advised that your future requests for Wolters Kluwer
materials may incur a fee.
15. Service Description for Content Services: Subject to these terms of use, any terms set
forth on the particular order, and payment of the applicable fee, you may make the following
uses of the ordered materials:
i.
Content Rental: You may access and view a single electronic copy of the materials
ordered for the time period designated at the time the order is placed. Access to the
materials will be provided through a dedicated content viewer or other portal, and
access will be discontinued upon expiration of the designated time period. An order for
Content Rental does not include any rights to print, download, save, create additional
copies, to distribute or to reuse in any way the full text or parts of the materials.
ii.
Content Purchase: You may access and download a single electronic copy of the
materials ordered. Copies will be provided by email or by such other means as
publisher may make available from time to time. An order for Content Purchase does
not include any rights to create additional copies or to distribute copies of the
materials.

For Journals Only:
1. Please note that articles in the ahead-of-print stage of publication can be cited and the
content may be re-used by including the date of access and the unique DOI number. Any final
changes in manuscripts will be made at the time of print publication and will be reflected in
the final electronic version of the issue. Disclaimer: Articles appearing in the Published Aheadof-Print section have been peer-reviewed and accepted for publication in the relevant journal
and posted online before print publication. Articles appearing as publish ahead-of-print may
contain statements, opinions, and information that have errors in facts, figures, or
interpretation. Accordingly, Wolters Kluwer, the editors and authors and their respective
employees are not responsible or liable for the use of any such inaccurate or misleading data,
opinion or information contained in the articles in this section.
2. Where a journal is being published by a learned society, the details of that society must be
included in the credit line.
i.
For Open Access journals: The following statement needs to be added when
reprinting the material in Open Access journals only: "promotional and commercial use
of the material in print, digital or mobile device format is prohibited without the
permission from the publisher Wolters Kluwer. Please
contact healthpermissions@wolterskluwer.com for further information."
ii.
Exceptions: In case of reuse from Diseases of the Colon & Rectum, Plastic
Reconstructive Surgery, The Green Journal, Critical Care Medicine, Pediatric

147

Critical Care Medicine, the American Heart Association Publications and the
American Academy of Neurology the following guideline applies: no drug/ trade
name or logo can be included in the same page as the material re-used.
3. Translations: If granted permissions to republish a full text article in another language,
Wolters Kluwer should be sent a copy of the translated PDF. Please include disclaimer below
on all translated copies:
i.
Wolters Kluwer and its Societies take no responsibility for the accuracy of the
translation from the published English original and are not liable for any
errors which may occur.
4. Full Text Articles: Reuse of full text articles in English is prohibited.

STM Signatories Only:
1. Any permission granted for a particular edition will apply also to subsequent editions and for
editions in other languages, provided such editions are for the work as a whole in situ and
does not involve the separate exploitation of the permitted illustrations or excerpts. Please
click here to view the STM guidelines.

Other Terms and Conditions:
v1.17
Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or +1978-646-2777.

148

Appendix 2: IRB Approval Letter

149

